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ABSTRACT: 

PROBLEM TO BE SOLVED: To sufficiently lower resistance of a movable thin film part 
in an MEMS element, reduce irregularity of the resistance, improve reliability of 
wiring using the MEMS element, and facilitate integration with a semiconductor 
integrated circuit. 

SOLUTION: A semiconductor device using an MEMS element is provided with a conducting 
region (lower electrode) 9 formed on the main surface of an Si substrate 7, a 
conducting film (intermediate electrode) 8 separately counter pased to the lower 
electrode 9, both end portions of which film are fixed on the substrate 7 via an 
insulating film 6, and central part of which film is capable of displacement, an 
insulating film 10 buried and formed in a hole which is formed in the conducting 
film 8 and penetrates it in the direction vertical to the substrate main surface, 
and a conducing film (upper electrode) 1 which is fixed on the substrate 7 via an 
insulating film 2 and counter posed on the side opposite to the lower electrode 9 
with respect to the intermediate electrode 8. The distances between a displacement- 
part of the intermediate electrode 8 and the lower electrode 9 and the upper 
electrode 1 are changed by potentials of the intermediate electrode 8 to the lower 
electrode 9 and the upper electrode 1. 
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iSfii) 9t, c:<OTlS5mffi9tcSilBlif|6iieS$/i. W« 
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1 

umm2 ] mti^^cr)^m±izm^^tLt:m i <7)m 

SM-^ti. 'J'^^j:<ti>-Wi'TSi^m±.izm&^tL. - 

iH*»A>=s:o. m2(m^sii(^^mifi-tmimm^it 

(ommi. mi<r)mmmzni-im2cr>m9.^<7M&i>z 

m^m 31^2 nmmmzn im 1 (^mm.ut ami 
t i<mtTm^m 1 x«±2iea 
imm}m2m'mii. smmmiz^irea 
zti<i^mfti. 1 - 3 <o\r'>-nii)Hzimco^ 
[11*315] f)fe^^(i, ii2(7)^s3P(CH>(fe««'o 
ix.x\.^tzb m&ik -r sur^ 1 i3«oiNi#^s. 

[00 0 1] 

mi^<o^is.^mmLxx-< -yf-as^^tus^s-fl! 

[0002] 

US?- (Micro Electro Mechanical Systeas : MEM 

s) ^f1HB^■r■s^fcA^'ef5^^^^Tv^s. ^;t(f, t-h 

• M/l^:^' (Beat Halg ) Ji. S i ^fe£^^2-5(OX'^- 
-t±^^^V^TffM^n.^^M5r LTfflt V 

fm^mtLxm\'^&MEMsm'f-im^^tx\,^h 

( "On a Micro-Electro-Mechanical Nonvolatile Merao 
ry cell " , IEEE Transactions on Electron [)evices 
vol. 37. No. 10, 2230(1990) : OTs *lKl fcBSiet 
&) . 

[00 03] ClcOio^rX'f -/f^^t'JS^ttTffl 
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[0004] tr, 02 7S.OH2 8S:ffll-^T. »0 
aUgjtiOMEMSS^coraiM^DiBfl-tl.. 02 7 

<7)T\ (a)Ji^ffiH. (b) {4 (a) <7)A-A' *|6J 

mmm. (c)«±(a)toB-B- i-ifnEBM^rj)^. 

l»iJi$ 1 0 nmcOC r*>/i,=5rS^«S, 2liJi$ 1 . 

5jjimcr,S iMilM. 3<4ff$2nmcOCrA>f>^:|,^ 

JSBI. 4iim^ 3 0 n miOS i 

5«;K»JSi|g. 6»iSig!{tlll. 7«^14l^S i 

t^^^£i,mm'&m^^^^ix\'^i. 

[00 05] df'JS.iHSli, 1. 5/zm<7)JI$X-A- 

A* irfinzsoMmffjim^mii-xj^&^tixi^t. ± 

20 gM3i:l&M^4{i:«;iJef£$ixT"rSlfiM5:J^{S;-r?. 

LT , -^mWmi^^ U S i Ji 5 <0±ffiA»/i 1 . 3 // mT 

[00061 ^iOct^^rmiKtCfcV^T, ^feJl^lt3t 
cOSC3 0VJiU:COlS5:E[lJnL, ^7c0«ffi$-^ 
KBt^KtSittcioT. :^l51Sli:3t<^ia(c 

i,mmWAi 1 . 3;« m±^(cJS^fv:m®-CgcS^:=5: 
-^r, m<f««i7i::^«R3i:W|SIfc:i IVULh 

30 com^EpjDL, :^SIll^omE5r^]SIK3fc^L<•r 
S>rt(IJ:-oT, S«7t^gK3tWSfcgf«^(Cj: 
S§l:»J*^ffll^ . ^fll»|gJ4 1 . 3 mT-fHzm.fiim 

[00 07] ^m«3sy^^K4A-^>^&^ 
wmmi. mux*) ^>mi. o tr^Mm<rzib. 

1. 3*emTfc:«i^3^^tt®i: 1. 3;um±-C«U.>tm 

T\ 3aiXS^7ISi0mffi$:0Vt LTtS 

^i:=5r^. Cixti •} , 2-ocom.i: 1 f x h<OE1t«0 

40 [0008]@27<7)J;^ lZ±XiiT^zmA.tz^Wmm 

^mm-ifzibizm^mx'ii. a«C7 j: o tsstcfci,^ 

)suc^«)S(i, mi^x'iiSimm<oh±^<mL 
[0009] mm. s i mmm^±.i,zmf¥s.mnM 
m^mfz!f>timmmi^±^^tfzMz. mm 

50 010 0-4 0 0'a&f^^:±^$^}:Xmmm&i:'if^. 
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jg^r6i±$-ti:S't*^> Xfis iii«2<oife^i»ES:i6i 
±^ititzif). ««7 Sr^iS J: O 1 0 0-4 0 QiCjaiS 

H2 tfi^ttltz:^7.^X\ 4 0 0~5 0 0'CT'r--/l/ 

[0010] K\^x\ ■m§LtX'i&T^^fzm^\,z. (Sis lo 
x-M^w.w-.'fmii-^j: < ^ 0 , 3 <r>mmmm^ 

iotii'h-rs. i.'>x.'t3m)/)-x-\i. mL^m 

tfi =t. E« Ei ( a« — ai ) 
02 9«, 10nm<0SiK^l:M ±t4 2 7 

r-CifeJaSrl^L^ffl (2 7-0 izRLtzm^ff). 

T'iOJ6^^til<£Ei^J£:^JOi ^ ( 1) *-A.#/i<i 20 

mmA^mX'l O nm<0*$X-S i««7tCJg«L/i 

ift^O, ^ia-C'te»li4{=4-rsE*i*B:/]<t 0 t/h$v^ 

[ 0 0 1 3 1 s i ±wmmm^±. leist trfflir^ 

& A 1 u<^5H?Stt*>^>4 0 0JK]JlT-CJKB£-r-& S i 

PI -5^151 '3JC:^<^&^^fili:0. 17GPagKT-* 

OsjJS****. -e-rTaSJs HDP (High Density Pla 

sma ) CVD-S ig^flili^r^XVCVD-S 

[0014: j.xbA^'^, s i :mm.m.m^L'^ff)wm 40 

aMEMS*^<0)g|£S:#tSt-. 0. lGPaOT<7) 

/ci6(CilF$ni.^«li7)lI$(i. l229J:'}i^^2 0n 
mmxhh. C:fL(±, ^JlK37bm^i:ite»JK4*<E 
8S$tt, 5ri!)Ji)l{c02 7cOJ:9i:M^*<jeB£$ti^< 

[ 0 0 1 5 ] j:;t-, -fiswt, s i mm^m-m^j: 
\^xE:di7miz%^m:^h. zcotzib. mm/^^hiz^^ 



*4tLxm^\ mim4i:±mm3i:mmmmt,z-4-h.i 
Lx\ mm x'ommA.fz^mmmmis.Lx\>^hcr) 

[00 11] L*>L. ^<r>mmmm--^^^mm4 
t±mm3cr>m.mm.x'ii. m.mA mmittx o t 
-^hb. ±msk3i.::<m<mm-hmmh, 02 
s^m\^xL(r>zbi:mm-tt. 028 (a) ji. ^ 
mb±mmt<r>mmm&i^hLxm . ^jsis3 
ojf$S:t. tL. *feSiM4«oi[$5-ti t-rs. 

J'^, #JBK3£7)^ttf^ia (elastic modulus ) $rEn t 
^^4<7)Wttf^lSeEi t-Ti,. $^,(1, 

3(nm^m^a. tL.tmmmmm^iiai t 

[00 121 

AT/ ( t. E. +ti Ei ) - ( 1 ) 

^MKKiit. ^mmi)mmixB&m^j:<^j:'o. sm 
mRt/^<7)iit>r>^mti'msnzmst!s>. tti, z(r>x 

9^{iJK(c«SE^sg-ri:, nm^commtimmmizm 

i^tZ^X-mi&^^i^^^-t&fz^ib. iOil/^hav 
[00 16])£{c, ^ja)^3*<ff<>S:l.t, ^K4c7) 

^mmtmtx^'^&mb, ^<^miM<^^tx'<^^^ 

s<7)*«iiiiti^&. mnm2 7 (b) coxoiz. 
m4<7)±iz±mmi^m^^iix\^&m^. ±mi^3i)> 

^j:imkbX-!^mmm^j:>0. 2o<0S^®*J^N««; 

[00171$ A>tc, )^-hmf^ximtmm b± 

mmm3bcr,mmmmim^^hb. 1328 (b) 5 

[00 18] t/c, tat*<OA«MSrfflv^§MEMSrn 
-feX. Cr^Au5:fc'<D^JS^to-y^'||4^««S: 

t^h-yfz. Z<r)t:tb. 02 7<7)BIi!R^lK*^lilL-rScOC 

^^^s^:SISI^m■t5c7)t. ^tifi!fle*i;iT-{i. x 

b T^nwrn/fiWi LXlto thZbifih 

r,tz. 

[00 19] 

[IKflA5<S^Lctattl.ilS] 

flijiS:fflv^tMEMs«^^-e(i, ■simm^'ftc^wm 
i:m<m^xt^£\>^tzib. ^mmmzmhmMifiit 
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[0020] *l6Hflti, ±.tmMi:fm-f'^<t£^ixfz 

h^mmm>'it<r)m.m+'it^<thbMz. mum 
mm^iLim^m^, Q.-o^^m.m^t<r>m.it 

[0021] 

[00 221 iP*). *i^B3 (if^l ) MEMS« 

<m2<mmm-<r>±m^\zm^tti. m-nut 20 

*«-i.ii2<o#«gpo«{atc J: -?T^€-r-s t ^iWk 
[ 0 0 2 3 ] cici-c', *fiBB<oMi Li^mmmt ix 

(1) S2c7)^mgPtcWLI^10^«g|5i:{±5^FtiB!l(cm3 

(2) |g2«o^«S?Ji, ^m^mzVE^mal'^j:^'^^ 30 

(3) Jg20S«g5tiiltS-Clt»rS^«c{i, S2i0# 

lilzmibQ.^m!S.^hX\>^i> Z h . 
[00 24] (4) ^lcO#«g8tm2cO#ttS{i. ^ 

(5) f^2<r)mm^<r>-iax{±mmim.mi:itLx^ 
mmtmvx^'o, z<r)mmz^Lt:m<m2<r> 

(6) |g2C0^ttg8Ji. S i , N i ffi^*S3 0-4 5%<r) 
N i Fe^. X«ColM5 0~6 0%tfDCoFe^ 

(7) SB2cO««Kt^{*S«i:cora{c. i!'^=5r< i: t> 1 
OWM I S¥ETim^^ilX\-^i>Zt . 

[0 0 2 5] (8) w.2<r)m^utmmx'mhtm^ 

(9) mmi, y;H4jM^v^{±yym?5«2r^OC:i:. 
[00 26] ^/C- (ill*«2) (i. MEMS* 50 
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^^:m^^tz^^mw^mzii\,^x . '^mw.%w.<r>^'^m±. 
\.zB^^ixtzm<^mmsi't. c<r)mmwui,z%M 

m 1 <r>mm.3 1 <^mmi . m i (nmn^mznthw. 2 n 
mnMinmmzi. -^x^it-th z. t ^r^at -th . 
c 0 0 2 7 ] ciciT. :^m<^mt u^mmmt ix 

(1) ^2<7)m-mizMLmi(r>mnMbiiRMmizm3 

tLkizm&^tiX\>^?>Zb. 

(2) m2<r)mmmi. «-SSgPl::mffiSrEPJnL^r<-^4t« 
X\ 2 ':><^ijs^izii&^j:m.^m'i'i> z b . 

(3) micr>m^bm2<mmMt±. ^mnimiMwrn 

i,zmw.^j:i}mzmm$tixm^^tix^'^izb . 
[ 0 0 2 8 1 (4) ig 2 <r>mmM<7)-mximmi3mm 
i^ttx^^i^m^tmtxis*) . zffitimfBUzistiti 
u^<7)m2(omms^b^mti^m.bco^mi. ^i^m 

mM<r>nmz X-yX^{tL^j:^^Zb. 

(5) f^2commmi. S i . N i ffl^*>'3 0~4 5%«0 
NiFe^#. X«Co«^5 0-6 0%<0CoFe^ 

(6) S2c7)S®lfc*«*««i: orate. ij^^<tt>l 
OCOM I SFET*iJ|^«Silf>'^l.^:fc. 

(7) mti. y)imnm^^i±'/>\^viim^tizb. 
[0029] (m) ) izxtm. m 
2<mms!ibi&mii't^^t'mnmnm^ i^^^ < t 

-X 3 y^m^izK < . EIS<7)<iattcoiStMViEMS« 

^im.x'^&. s/5>tc, si:fca^«tii»±Tt>. 

mmmn±izmm-i>zbii^x'^^. ttz. mmm 
mmm'gi Lxm,msx/^mhr>^mi9vttz t 

[ 0 0 3 0 ] ^mm<o-mm&-ti>f^2m 

mmmmumizM-mx'h^mmvtcr>±mmx'm&t^ 
zbi)K-^. m!Sijifli<r)m:hi:X'0)mizm^thzb 

^cr)±mmim\<^^zbizx-ox. mm:^'o^±t 

mm)Mi^^. ^mmmbLxm\'^tmimb^mm(7) 

Mi^<:r>b<r>m<r)mzmmizm^-flzbi!)^X-^. 
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[ 0 0 3 1 1 ^ . ( m^m2 ) izxtiii. ^ii 

mzt^ztmrnb^j:^. ^hiz, #S«^tt<o^ 
0 4)101^^, Mi.(^4 0 0]©.aJl*■C•[6l±$^i:Sc:fc 

<- k -c-, >! (o^iis- ^JiEtll*|{wai^«i^•c•Jg«■f 

^U^MEMSS^ti. MI SFET{CJt«LT. 
HW>f ya>y^i'>xi:nt(Ol,z£-^^j:XlJ^M.^:'b 

[0033] 

[0034] (mi<O^J0e»)llHi. *?8Womi 

(7)mmmmzi^h6M e m s^i^co^i^jr^-rtox-, 

(a)Ji±®BI?:. (b) (i (a) i7)A-A' :fir(6i8ffB5 
m^, (c) »i (a) <OB-B' *[6)Br®0Sr^LT(r^ 
I., t»5t^^h&>0^<tS/::*^{c. 01 (a) 

[0035] ^mmm(m^m^j:m&imim2 1 1 
^Ltcmmmmx-hhi}^. -^wmwkh^j:mmmm 

tJi^^*r-rs^^Kio*^j^«?fi-ct^'&. c:^-c\ 

^m^St LT«±, fl»Ji{fW. Mo, ggVMi^^faS i * 
e= (t» E« aa +ti Ei ai 
C:c7)i:^, ^«K8«fi^^ia5-E. kL, ^Kl 
0£0iaig5fi^Sc^Ei , «miS8C0i5iJ56^iS:a. i: 
l6iSillO<^mi«l*Srai kL, ^mWkcoH^^ 

[004 i]5t( 2) ai ba. bimnmxh 

ti Ei *«t. E. (cJtLT+ih*:#<^:Si 
K$-}g^L7t«^«0(lai ATtCjScfl^. a^tCti Ei 

^?i.ei,mmmco;^x-^msmB^uci^-^(r> 

. ATi-C'jii^(cS!i.l.C:k*«-e#. J>7t:*»t+S£O«50 



n Ok LTIi, 



i Fe $-ffll^|>. S:'^ 
OS. 

[0 0 36] ^mSISk^Kl 0<1, B-B' 

x\ mmBi,zX'^xymm\oi:msim.. x^imk 

IKlOtJro-C^iiliBJ-J^Ofiljik^roTi^S, M9. 
K8C0B-B' :^|a]cr)|g$:t. k Wmi 0<OB- 
B' :fr|fi]Oi|e5:ti b-fhb. ^iXh<^W,tlOnm-- 
lOMmOKHT', #tct. kti ICOV^Tj^cti&'J 
V^^77^*5S^(C-C'#I)SK, BP^O. 4~4//inS 
Jicot.kti <7)lfc{;ov^T(i, WTT' 

[0 0 37] ^®S8A«^';S iiOii^Wi. B. As 
XtiP^l 018-1 022cm-3<7)gfflT'T:^«jDLT 
is 0 , ASWWi 1 02' c m-3t7)^^!B!i3aipA<L-C*) 
t, t-fi.. ifSMyKl Oli, ^rnKSAJT-U yl^yy-fh 

A- A- *|fi]{c;fcv^T. '?-iik«l±ffil*}Tii3S-ri>B 
-B' i-ffiliOtt. /ti Jt*^'h$<=5rl.J:3t}g« 
$ix-CV^I.C:k*^\ iOA-A' :f^^cr,m/i:±^<-t 

[0 0 38] ^<:O<J:3^:ttjt5:k.g..Ik(cJ;0, ^fJlS 

mcom&t^ifm. rn-hA-A' irf^izammm^L 
oo, s i mi7iznLxwmtmA.timi:mm-?>:i 

m<n^m:mm<.z x-^x m^tmrnt . mmf,zx 
r,xm^i}^m~fz.»>^z. i. ^^nmm«.<^w^im- 

zbt^X^h. 

[0039] d-I-C. mtCfcOT. ^«K8<?)B- 

B' :fi-[6icoss:t. kL, ffi^MiO(?)B-B' :^rifiio 

«@^ti kL. B-B' :^|6](C^SIWtC^miS8klfeS 

m ot^z<r)m^x'mmmzw'om^fix\^hb-th, 
Mie^ ( 1 ) bmmi.z^thb, ^ioa^ffi (biiss 
K)oA-A' i;^<nmm-)ifizi.im.^ct,i. yc^Tis 

[0040] 
) AT/ ( t. E. +ti Ei ) - (2) 

^mm^^-fh'!m<ni:o{,zi^^-thzbt>^x-%i>. 
[0042] 02tc, mnms (^«^) <nmt. bm 
mmio (sxmssi) <nmi fc<oitt. /u b. 

^(Diti^^^'ttii^-^mtnmSMzXhiW (it 

( 2 ) t7)fi{cffl^) mm^^ziihs \ miim 

J/^:^\y.^tz^^7h■t. ZZX\ AT^20 0'CkUTtf- 
nt, S?aJ:Ot>2 0 0'Cia)e*^±#UckC:'5-CJC:ft 

tfimm^ti. g-a^t'^^auck^sLTv^s. mb 
mioA^(>mA.f.:^^m{:m^ti>f.iib(,zi±, m2(m 

(OO43]H2J:0. S i^I5IK±tCMEMS$:^^ 
^LXobttb. fif3RMEMSc7)^||1ttgkL-Cfflv> 
f>*tT§3tAI^CrT{i. a^lll«0i*t^5:0iaJik-t 
Ssti^tz. t. /ti Sr-fix-fixO. IWF. 0. 2« 



30 



40 
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hnofismfi-miixm. o. iTOPa. o. 3 
G p a fcts< . ^ix^umtmcrmt/ffm^mii, 

[00 44] ztuzni, MUisiMmmn<^mm 

TSSItcfflv^'^nsw-^M o Sri^a;iK8 Cfflv^l.^: t (c 

to /ti ^0. 3tX':k^<-ri>Zti}n'^. J: 
Ot. /ti i:<7)it^;(:|i<-ri,;t*iT-J|,. m2X' 
{±W(7)3i-^S:^LTul.*<. Mot,{5»Pltftaii:=3: 

J:-oT. ti S:-«tUc^. Al^CrJ:Ot 

fi/|^iSliiSr:«;§<-r«>C:f:*^t-§''S. CWc*^, 'JV^^ 
[00451 tfz. W. Moli®M^^E-CJ)0. Cr 

\tmzm^mom:fim^mf)\'wx'iiA. oopah^ 

^izimLxi%mt^\'^tiib. ^-^mtijm-th 
^(o3m'om-)jiznLxi 'omi^j:^mmimt?> 

ZbtfX'^^. 

[00461 ^MZ, Si^Ni Fe^^)S?r3l«]K8 
tfflv^^dfctcJ: 0, tm /ti v^-mc7)MJiitl3fco 
T t > S i L^>:«-&|g«0#yS:IE(c«oC: t*' 

Tf"*. CICIT, SilSfcLTJi. P, As. XJiBSr 

1 Oi6~ 1 0" c m-3<?)gHt'^$iB!|%*J0LT(Sffi!5t-fli 

l\ iit, N i F efc-OV^TW. S i J: 0 t,»K^^*< 

/h?<^«.S^. oS'3Ni<7)ffl^*>'3 0~4 5%<7)5g 

[0 04 71 ::C0J:3=5:N i**3 8%<0N i FelSX- 

0^:*^4>2 0 0'C^T-<O^l^P5S*5:2. 5X10 
-V-COTfc-^S C: i: h . C:<7)<l&l/^fefB S i 
mf^jmmtfi. S i «SiOS^Jg?g$ ( 2 . 6 X 1 o-« 
/•C) jyTi:=5rSyv:<6(c. S-&MO»jE^l(c±^W*5 
a«<?) S i coiye^tiJ: S WJ: 0 h'Ji:^-r:k^ <'kh. 
ioT. j^^lt^M^rV^-ftT-^t. /ti izfiLXt 

mm-hztf}<x'^h. $^iz, m\tmzmi>m'jiti^ 

m^mtiK SiT'{i5GPa, N i F e -Cli2GP 

m.(^^izitmLx^ii^ti. 2. 8%s«. 1. 4 

izM IX . J: OKffl^^Ul^JrigJK-ri. Z fc *<-C'$ I. . 
[ 0 0 4 8 1 iJjt . 0 1 c0fllJi«0l¥*ffltCOV^-CittBB-t 
01(c*-t**S6»»r. S iS«7t(iBS: 1 0 
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H-i o'^cm-scoKHT-^jiEfti^nLrftO^ saw 
iz\iio^^cm-^<7)T^!mwma^ixx\'^t. s 

W4As. P. X(4Sb$r 1 0>«~1 O^cm-^oKH 
T-^t«iHJ»LTftO. ftSWt»il02«cin-3(7);r:*B 

amimmi 0i3-t>Kch-s]mmmzmLx%tiiXu 
mmn-Lxm&^ixxm , '^mmt^x^mma 

10 lzMt^^l(^mmVMt^j:':>X\>^h. 

[ 0 0 4 9 ] S i &mcr,±iZii^ S i K^t^^S i M 

TfcO. -?-<7)J:lc;}fJSiffi5*«3<0*StCJg«$<xT 
M»)K60Ji${4 1 -1 0 0 nmoeffl, «Se<) 
LTti 1 0 n m-C'*>5 . ."KU S i IK 5 WiB*^ 
10»8cm-sja±, O^Ocm-sgiSaSttaS 
ittfcO, -eo^^JiO. 0 1-1 0/<m<r)SfflT\ ft 
aWWil. 5//m<0Ji$T\ A-A' 3 0 At m 

cOiaPg$:fflJtTJg«$iXT(-^S. C^OfaiSUl, 0. 5/t 
20 m— lmmCO^-CJ)il(f iV^, 

[00 5 01 ^'JS iK5c7)±C(±, A-A' IffiUzm 

tftzmmm \m2(Dmm^) 8*«^5i&8iv^rjB«$ 
tLX\.^^, zffmvM8<7)-^i,ziim.7<r>±mi>zmm 
^j::HfMi,zmmjU)mmmm^^ti, zmmKi^zamit 
lii o*ia*^a*®fi£$ixTv^i.. -eLT, ^®S8a. 

0*^<?,^:€.«^Bi (»ri!BiB!) i±. ^'JSi 

[005 1 1 ^«^8{4, m$0. 0 0 5-1 O/xmiO 
^JitflOnmWSi, NiFe, WXJiMo 

tih. zixti><omRxfi o«. mMzmt:mtxm 

&$ti. HI ib) <7)Xoiz. m5<o±m/2r>cr)m5 
<7)K82itXl Oti. MEMStCfcftl.'Iillillt^r'jT 
►}tM^^>It*«, A-A' ^r[6]i:B-B' l3\^(r>mij(7) 

mMzXhZ^7c^m^:mi, A-A- :firrSic7)lft;^^lcJ: 
vmi^ir'niy^Hzlimt L-W 
40 [00 521 SmiScO.-K'JS i^5±(3l5Stl.gl5» 
;KUSiMl2*«JB«$itTt>*. JliO.ifJSi 
lil2«. I¥$0. 0 l~10Atm<0lOTT. *aWt2 
(41. 5Mm(7)m^X\ A-A' :fir[6Kc3 0/imc7)^|g 

0{Z. mm'^M:$iZ^\'-^Xli^^^Xw:lXK^h. .-K 

u s i ^ 1 2<7)±.mzii, s i K^t^^s i m^mii-^ 

>5:I.^K2*fW$ 1 ~ 1 0 0 n mc7>KH, ftSW^W 
$i:LT(42 0nm<0J¥$-CJB«$ixtV>|,. JLCLf, 
ffiSK2{4.-K»J S i K 1 2±ff):^Xli^j:< . mW&8& 



(7 

1 1 

[00 53] ies)g2^±t;«. (^3ff)mm 

-1 OjumcO^. ^-iif 1 . 5Mm<r>^^i}^(>^hT 
i.TiN.TiSi.WSi, AlCu.Cu.WX 

[0 0 54] ,ri7)J:9^<ij£(cfev^-C, 10 

<o«ff5-#aiK8t^L<.-ri.^t{c<}:o-c, mm.mi 

Rx^^m 1 of3-(>^j:?,^mmmii i. ou m^aizm 
^rd^mx'^^b^J:h. m!m^m9tmmm8 

mmmbmi<tt:itizX'yx. mmiim9tm 
wsi8 b(r>^iztfms.izj:i,3\M'm^ . -^mmii 
1. ouInT^r^c:M^^mt:'^«fc^:s. 

[00 5 5] fiO*>, S^K8atf^KlO*-*>iri.^ 20 
WSiUi:. 1. 0 u mT(^lt^^t'ttSii: 1 . OMm±-e 
m^^i«®T^ ^«IK8i:^mMlRU^^«tt^lSIK9 
i^fOmE^OVfcLTtS^t^O. 2-ocO«®$rl 

[00 56] iRK. ia3*><i,08^ffllr^T. 3|s^Jg® 

(r)$mxm^MiB^tt . m 3 t^^ma tx-<^(a)m 30 

lis 01 (a) tW^B-rSSitlSTlSHT-AOs 
(b) (c){i, Hl(b) ic) bmtwMJLnsum 

mx'hi, 

[00 57] t-f. -t:nyjg«l O'^c m-^cOpJg^tS 
S:Jgfi£L.3tS ia«7SriPliL, ;<:oatR7c7)^®$:K 
-fkU. 0. 01 — 0. 0 5x^m<7)JI$(7)S iK^Lll 1 

^ f^B^-t . ^x\ V vx Y ^-m^zmmz y 

1 0~500eVT'l 0»2~1 0'6cin-2>f :tyaAL. 

Kio) tJti6i-r*ffist=-r*. 'f3r>'ofi^a;*aE$ 

(1. pffiS iS«7«0«®lCnS«tS;!)i)^^§ixl.J;-5 
(cL, ji«(il0'''-102'cm-3i:^r6J:9t-fl.. 
icOfStc, 5f y}iAisJgES<0Jti^>O 5 0 0-900 
•C. 1 0r>-6 0^^'S«O|?^Ig5:^D;e.TtS<.^. Cl^i 
tc<t I? , 03 ( a ) ( b ) ( c ) <nxm.i)m^^ilh. 

[0058] »:v^T\ s i is^tmxiis i mm-hti: 

l.««^6 1 - 1 0 0 n mCOSffl, 1 
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1 2 

XS i SrO . 0 1-1 0A(m(7)iEfflT\ AMWWi I • 
5/ifn«J5$Titffi-r4. rtyl'^rXSi 

(i 1 0 " c m-^OTfc ^1. J: 0 1 1- ^.S. i 0 L. > 
10>«cm-3JilTi:^-?Tir->l,C:i:*<M^Lir\. ^(7) 

uy^n'SMS.\ 0~2000e VT-1 0'«-l O'^c 
m-M^ryiiAL-C, 5<?3m«i7),-Kn>-}ag2:l 0'8- 
l 02'cin-3«0Sffl. ftSWWil 02»cm-3f:i:SJ: 

[0059] Z(r>b 5' <nw^(r,^^uv'i^\i i o 
(«n±$-ti-i.Jt:46ta^Lv^*»i^-e*>i.. ci^-e, 5' co 

m.Kt. ^xm.Mz'^mkl&^-thr:i}t)<n'mSSibts: 
-p-CfcO. mT'»jat-r-54«ramffii:#«tt1ii^9fcO^ 

lizfvmLx^'^hi.ot.zmm-t. 

[0 0 60] tfz. 04 (b) tfcJtSA-A' ifffitz 
*Jft&5c0^i^iOraR|{±0. 5*tin~lmni<^Kffl-C*> 
/l<fJ:<, 0!li{f3OAtm<O^$fflJtT}g^m<fJ: 

5r>'iMA5!:iffiisifiaofMM:o/ci^)C5 00-900 
•c. 1 o&~3 0 o%m^<miJM^isi\t. --K'j s i m. 

55:je^-rS. ^iXtCiO, 04 (a) (b) ( c ) cO 
|gJ6*5jei£§tl&. ^<Of|fc. ^«IS8S:«IS-r&Tite«0 
^ffltt^iaii^-tt-Sfci^tCCMP (Chenical Mechanica 
1 Polishing ) ^rMSatTtxtl-^ 
[0061 ]»:u-C\ /f$0. 0 0 5-10A«mc7)|iffl 
^tJfl OnmOjS^tC^rSidCWXdMoSrC 
VD (chemical vapor deposition ) SX{±^*ffi(Cj; 

^(C-r-^Jti^tl. CIVIP^3ilraLTi><l:l\ 
[0062] ^OT, L-vXh$r^fflC^LJtf*C; 
y^^77-fS:ff>'\ SFe A^^iixSXfXt i-^T. B 
-B' ^r|n)<?)i(||l 0nm~l 0/xm<OKH. A-A' -}} 
(fil<7)*$ 1 Onm~l 0;umcO|gHi:^SJ:^tC, 5X 
{i5' (OjS«|(c^SJ;3ti«1gK8(cS*ttx-y^y 

%i,zx I. y y -f A<$^(cT'§ ills, 

0^00. 4/iml.jl±*iSiiL<, B-B' 1jHz^\^ 

3OTtc^-i>J:^tc-r&;i:*>-StLi.^. A- 
A' :S-|6lcO:R$tov^T{i^P*^tC«LT, TtlCj?^* 
*l/c^tgK8<7)|BiS*{+^^/jN$ < ^1, ^ t m.ti^ 

wmmBm-h<^i.zmt tv^. 
[ 0 0 6 3 ] c ciT'. mwR8<r>mm/ULiM<o^ 



WEST 
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1 3 

WbtX^m^O. 0 0 5-1 0//mcr)^HT-, mtii 

ionmcojf$tc^ri.j;9{c, sim^nf&McmTm 

ffitrtiv^ ZcoSimi. ;f:DyjRK^ 10'9~1 
02icm-3<Offiffl, *SWC<il 0«<'cm-3i;^I.J:9 

l^. 10 

[ 0 0 6 4 ] , h ^-^mizmpffi Ltzmz v 

X-^X. B-B' :fr|6l«0lil Onm~l OjumiOgH, 

A-A' :ffi^cr)M:$ 1 Onm—l 0//mcOKffli:^SJ; 

die, 5x«5* <Dmmiz^-r&xoi,zmwgisi,zmij 

i J: ^ 'J V/9 7 *s§atf 1^ SSJgcO 

-A' ^r[6lc7)*$(COV»T(4^Pft$t~*tLt:. 
^^t3tSm)a80^«*-'+^^h$<=3:Sif:*«, 20 

'pmw.mm&-ti<r>izmt u\ 

[ 0 0 6 5 ] S ^«M8<7DJtS&t/^JnXlSi7)ft# 
fcLT. 0. 0 0 5— 10;um<OffiHf. WiJf 2 0 n 
mc7)il$ll^l. J; 0 ICN i a^<3 0-4 5%<0ffiH. 
3 8%tf5jMON i F e , H^fe-^X^-N'-y :J"J V 
^*aicJ:oT«l«Lf *>J:v>. icON i Fe)i8«, ^ 

C:cO*&. ^®R8fcLT, S i #?|«:(=a50Jifi 

i ^fllKcTJj: p^:, F e <7)tmm±t h&m^j:!^ 

[ 0 0 6 6 ] . 1/ i^'X h 5r^®lc^ ItztktC >) 
V^yy-t^nw ArlZXi>^ y^lZi-y 
T . B - B ' :fr[6]<73ji 1 0 n m~ 1 0 X£ m<7)SH. A - 
A' :fir|6|i7)#$l Onin~l 0*tm<^Kfflt=3:6J:^ 

sizma-ti). zcofziimz. t. tti icoi^r^i:: 

00. 4//miiLh*''MiL<,'», ^f^, A-A' 40 
$C^(,>-cm8PS$t-WL-C..;iAlcJ«5tiT/c«lIK8 

[ 0 0 6 7 ] »:>,^-c\ mmy -ymmamh^tss i K 

■(t^*^ <5^f&K$r. HSQ ( Hydrogen s i 1 sesqu i oxane 
s) . S i H4 -^TEOS (tetraechiyl orthosilicate 
) J'ffllr^-tHDP (High Density Plasoa ) CVD 
ECR (electron cyclotronresonance) CVD 
m, X{i«ECVD&T^ffilt«L. ffi 
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14 

m:hbK£i>J:ol,z. maiXffMjgJg^riiS-f Si 
fflR7±<?5Eli*15:<Ji: L-C«, 0. 0 2-0. 3GPa 

nmz^j:&zt:/}mtL<. mmmzii. o. 0 5gp 

afc-fi.. ClOj^tc. CMPft^X-y^/N'.y^'SlCj:-? 
T. ^1WK8±tjeiSL:tJSl 0SrJR'5f^<. ZtHzX 

0,05 (a) (b) ic) c^m^Mm^^tLi. 

[ 0 0 6 8 ] »:>,i-C, «m^8*<WtfOJi^tc(4, l/x'X 
N Sr^ffltc^*!^, y y ^7 7 -f 5^^TV\ S Fs 

iih/fxizx-^x. 5XH5- commzm-thxoizm 
mm8^fp^m&mz/^f'-=-y^i-&. ztuzx 

0. 06 (a) (b) (c ) c7)^ji*<JB^$fL|>. 

[00 69] S|1MS8*JS iiOi^^Wi, 

mizmtfiLtzmz'JVyyy -< he rXJiC 1 

2 tli-ttiXh/fMzX-yX, 5X(i5' cofflj^tat-s 
J: ^ {c#mM8 2r^:6-ttx y f-y^^fc J: oT*S«®g 
^i,z;^if-~yytl. z<r)mm. 06 (a) (b> 

(c) (;0Biffii:53r4. #mK8t^r?.S 
(4. rt;U7T;^*t«-C3 0 0~4 0 0"CTtt«L!t 

^bt^irt^J: d (=, 5 0 0'Ca±.<7)mJMi:i^^j:\''^iitm 
tU\ Zhii. :f^nyi»m.lzv-}^yi^LfiWi8 
tfOx.yf-y^^affi{i. m^sitizXOM^lzmmi-^fz 
If), mtms' fciOil.^Tx-y^y^iMlRit5:|6]±$ 

C0 0 70] ««M8*<N i Fe<0«^K»4, W 

=JXh^-^mizm{fiLtimzUV'!^yy ^^'fT\.\ Ar 
-f:tyS'Jy^^tcJ;-3T5XJi5' iO««tc«tSia 
tC^«K8SrA^'-r:y^-rS. ZiUZX-yXi^. 06 

( a ) ( b ) ( c ) com^mm^tii . 

[0071 ] ::<O06 ^T-<OS?iiXScOftSi: IX. 
(Olrm-CiiXW t-r. H4C0SKT, 06OJ:3(c» 
mM8$:^« 1 0 SrJ^B£-r-5?ti:'FS=5rg?^)-$rffiO* 

1. ^111 oi±m^zmi6^^^fm. ^^j:m<r)im 

Ml OS-. UV/^^-ftNHi F-^HFX y^V^^, 
XJ4CHF3 ^C4 Fs 5■•^^/^;irxt:J:^.x•/^>'^ 

[ 0 0 7 2 ] iTt, iSJiisoft#i: Lt. »:<o:fra-e 

t-r, 04<7)gPgT\ S 
^Kl 0^ i-r^WciflSUcms'K8coyN":J'->T-5 
Xtt5' <o<S«k:»t-|.J:ac, I6»ll!ll OSrx-y^y 

L, 0i|x.tfCMPifr^x yf-yN'-y?'ft(cJ;o-CK8iS:HU 

VV^yy ^ tNliiF-^liFl.-y^y^. XJ4CHF 

3 F« 5••^^Jt'Jyx^;J:^x•yf■>'/^^f-9•clX 

Of^v^-CtJ:i«\ 

[00 73] acV^T. Kl2atJfffiil2' fcLT, fWx 

{frt;U7 r ;^ s i iSro. 0 1 — 1 Ojumoasfflt:', A 
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oTV^SiotCL, 1 0'6cm-31ilTi:^-?TV>-i,Ci; 

y^^57-<?-mK ;i?ny?-jDa«El 0~200 0e 

VT'l Oi«-l 1 2tf0p, 

02''cm-'JiLlit^.g.<J:a(Cgdi^t-ri). Z<Ob 
1 2' <mtii(r>^^oymmi. 10'7cin-3OTi: 10 

[0074] CICIT', 12' iO^iSJi, 5' ^Ofgl^iPl 

x-mtx^-'hidizmm-h, tfz. 07 (b) izm 

in~lminCOKH-C'*)it<fJ:<, MtUS 0 umcOl^m 

ti, ;'f-y^^SfiES:igtt-ri.ll(c^i64>tT,l>«liS^N' 
^p*-:?^:^^. CliXtCj: 0 . 07 ( a ) (b) (c) 
<Ofl!)t*«m$ilS. CliOa. 2' RX/5' <7)X y 
f-y/WST'tC, Kl 2Jlt/f 1 2' Sr. 5 0 0-600 
X:iZT--llLXmik1t^-t&Zti}mtL\>\ 

[0075] s i Kftffi^s i mim. ^t-^w 

r;l-5-fKflJK*»^>^^iffi^lK2$-. Jf^l-lOOn 30 
mCOffiHT', AaWtCtS2 0 nmcolf $T-^H«ia-r 

$ (>I>Z. Ti. TiN, TiSi. WSi. AlC 
u. Cu. WX(±Al*>fe5:a^m)K15r. HSO. 0 
1 ~ 1 0 ;u mCOmSX. mwrnzli l. 5 m m<OJp?-C 

^mtm-fi. Z(7m. ti. tin, nsi. ws 

i . A 1 C u . C u , WXJiA 1 JiSr. 'J V jJ^77 ^ t 

zm, mmmni, rnvmaizMt^Lxmsti 
?>&.mzm^ti?>ztii^. -v^y^m&irf&T^ 

^:^cr)izmtL\.\ ZcoXoizlX. 08 (a) (b) 40 

(c) cojmtim&^tii. 

[ 0 0 7 6 ] 0T-liS^LTV^^r».^*^ mum 

n^m^i2' (^ymmzmt^x'uzmn-ti). z<r>m 
Q&mi. mwmstmLtz 12' (ommizm^tfcm 
mzmnttmx^K ztTimafumiuEusx^ -/^ 
m^i)-mtd-z&.mzm&i-^zti}<. f^c^j-^x^co^^ 
^■>yyxmizxi>yxhi}^\ 2- m^' m^zBi^ 
ititcL'&m^zx^)iA-nm-i-h<^m<zti:^x^'S. 

tLW 50 
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[00 77] <J:t^T-, CF4 bOz ^U^Ltz:^xry 
X-71CJ:0, 12' ai/5' <r)m.mW.'Om<. Zff)b 

if^\3yi-^m.^zmiLtzm. bp'^i 2ai^5<^ 

S{CS<^:S/::i6. SflilfltJtC. 1 2&l/^5i0mi*^^-r 

ztmth. zmz^*). mm\ffii:oi.z. ^mw 

[00781 Z<ni. 0 ^f^jSftXii. ^mKs ^igBE,-r 

h X ■/ ^ y y(^mn.<r)^'miz , 8 1 tmm 2 . 

«5:I!)}<'::fc*<T-3=l.. -^x-y hx-yf-y^/w 
X -y f-^- y b J: 0 i,^'x*cO«S^«!tllS:SX O^^^ 
\,\X y^yyiiWj:<^X\ ro-fex4'co^i^tii'-5r<-t 

[00791 z(r)ai-vi-yyxn<7iRh^\,z. k 

0HtH2 OtTnyW-MljST'l 2" &tX5' cT)^ 
J^SrKO^^^TtJ:^^, CKO^t^, S i c^x -y f-y;?'2 
gfi , --Kd 1 0 2 » c m- 3 l-liiT-Kn y^mif 1 

0i8cin-31itT<OiS^c7)l/l OOTtCfiT-fl.. Cli^ 
MUi (Greg L. Kuhn and C. John. RhecThi 
n Silicon Filn on Insulating Substrate, J. Electro 
Chen. Soc. 120. ll.PPl563-1566(1973 ) ) T'^X-J) 
h. iinX. 4<n>')iJg*<102»cm-3SS-C-J)?>l 2 
RU5<r>Wiii:nLX , ^^uy^iWfil 0'«cm-3WT 

ioi 2' self 3' ffmm^^^-f'f-yy'rhztipx^ 

[0080] z<r)Kon:mm.^m\-^tz^. tmm2 

m<'tz)^. T)i':^*)^w,x'hh)<^(nmii:W±.thzt 
iiK'^hiSim^^m, mmsi^imx'hhzttmt 

L\\ ttz. :i.-,^y!fffmmLi±t<thtz>sb{.z. 

^^ayxhh-jmt^hi. mi^3.-jh:t.-y^yy 

S<rm^i)^Ji'y^yymmxWxfz^^^-ot:tt 

x\ 12' Ri/5' (Timm^j^y'f-yyLxx'^rz^m 

3— /P. x^/l'T/Pa-;!', ra/NV— ;t/^. x— 
^. r-bhy-^y^;uxf-;t't>-hy, ;<f-yi"f yyf•y^ 

[0081 ] zcriXdizWM-t^zti.zX'^x. 

mtxLtomM^i:m<'ztf}<x'^h. trz, m^mw. 

(t. x'o:k^<-ti>zti}^x'^i>. x^x. xnm^m 

(0082]C:w-C. 12' atJfS' «0®«Sr«(4xy 



(10) 
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timz 5 • com^<^u^t,zc imibo.^ . § 1 2 

m^z'?\,^x^i. ^mmm<^^mx'^^h. zzx\ 
12' m5' <7)mmiz^mi:m^tixmi, mm 
3 0 0-4 5o*ci7)02 nm^x'c^mitthzbizi. 

oT. CO2 fcL-CjiM$-ti:^?i5:S-rro-b:XtB# 

iff (M. B. Anand et al.. NURA: A feasible. Gas-Di 
electric Interconnect Process, 19% Synposiun on V 
LSI Teclinology Digest , i>82-83) T-4^ftrrftl>. 
[00 83] Ci:m^t-tlXmX'li. te^^2(l 

1 2" ffmmtx-m-ixoizji-yi'yy^'ifoxm 
mmLxi,x\.\ zff)Xoiz-tht. 12' n 

eay^JfJSiKl 2. 5tCj:->T^lcH3-It*^T- 
[0084] 09 (a) (C, X>f yf-y^^tf^aWii:^ 

CLfcTt^'riSctS-^-r. coBJi, A-A" ^risjco'ti 

^ffiB.^.T\ "mmmsnn-ti t o x{± i o nin-c'i> o . 
oj!)«a«>)i;?i^jgs$<xTi^i., ymm\ oiis is 

-(t^T-ti =4/imW{QT-}B^$ix. ^«JS8{iN i F 

eTt, =0. 3um(rM-^im.^ix.X^^h. cicoia 
02(cSrrJ:3(c, t. /ti JiO. IJ: 

O/h? < , ^If^S i 5rSmi: L;tfft^H. ^Sftff 

[ 0 0 8 5 ] 09 ( a ) ^(r>m.\i. mm<r), 3 0 n 
mCOJi:$«OS iK^fcJlCO+Smffi^OJi^Sr^t, film s 
tress=0.35GPa t L/cHISWi. ^fs^iSJ^^cO 1 0 n m<0 

9 0 QX\:)±<rmsmO.Z^ oT?B^$iiJt S i S-ft^ 

S: s i m±^zmm.tL%^(nws,<rmb-hi.zim 

S i CitlS! LT 0 . 3 5 G P a LJt Ji 

-^•CI£-LTl^l.. $^>(C. 09 (a) +£7) film stre 
ss=0.05GPat«ieL/cll«{±, *IISfeig.«C01 0 nmco 
J|[$<?)^l!l3K-C. $<i,(CLSIOJiia)!gtL-Cfflo<5> 
Khlk^^m^li'^Q. 0 5GPa) COS iK^tKi&Kl 

1 0 0 8 6 1 X>f y ^V^^^ffli, mi.-m 1 *(=i«ai 
■CfcSse (18) $:fflUTH-E-f&Ct*iT&S. 
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0. 0 5GPa^Tvh$<tl.::i:t'- ■5T»ffBgcO:S$ 
^3 0//m{CfiSi5. J^-^ yf-y^^UESrl ViO'hS< 

[0087] »:ic, 09 (b) tc, y.^ -;&yy<m% 

LS ItOHSHi: LTfflv^^.iil.<Sv^lKtE:^) (0. 0 5 
G P a ) CO S i «ri!)SilgcOffi^ 1 0 1 LTffl 

Cfc*^-C§-5. -E-Cl-e, --K';S iM5. 12c7)Xy^v 

^■r&«iS5" .12' <r)-m^^mh-tz.tif^%. je 

T-#l.. ^f^tc, 5' , 12' co^tSJx-yf-y/-r-S, 
^£0. ^ySiK5. 1 2<ox.y^y^^l:t>'h$<«o 
i i: , <t 0 X -y ^y^imif-kt < mmm^j:jt t 
20 V-<zfi-i:B^-thZttfiX'^h. 

[0 088] -Id dco>t'J-t;l.©$cOg/h®±, 
^Sl^«<omffi^§ Licit LL' aJHJte^JL, ttz:x 
■Y •yf-y^^iffiE(4L-i/*»:it0i|L. -/■fy^'oiil!! 
m'm>m^mMmitL-'i,zimitmt6. i:-^x.mm 

M^L^'^^f^X'ii, ^a»K<0lK«Tox5:l/Art 
Lil/Kizm^-thii, CLiO^tU-t/l-SfS 

<7)g/h<i5r l/Ar(c«/hL, x-f yf-y^mgcoSl^lS 

ffi/h-f*ii:3!»»Tft|.. J: or. ToxSr;^'>^-'Jy^^ 
[0089] *ISi}g«<^^ t y -tyUt'Ji. ^rSbSliw 

KJE:>j$- , -^mwmt,zm\.'>imim i o i:^mM8<7)iii 

' 2 CtlfSJtM-rs^ t U -feyKOft/hft? < "fS 
40 -siiSSIitfflO^^^l 0cO^mM84>C0ft? 

T, ^mmmm^m'mB:ht:(iLmzt^x^{t^-^ 
sitA^-e^s. cd-e. iffi^Mi o*^s iK^kiS- m 

*^*€«8 i 0 ti-mmzmmmA-^ < 

[0 0 90] ti-^T. 05t{f0icoA-A' :^|6i»rffi 

i^5±-e. iir«»lifc=3:S»tglS8<0l6SIRl0(=W 
50 -rsitt. /ti <L.. J:05lltt*Sr±#$-fr* 



1 9 

icoA-A- ijmmx\ r^) v=j<n-%s^^hmifz^ 
t^j:m'm8<ommi oiznthitt. /ti ^/h 

[0091] *llifej^®-c-JS, 01 (c) 
01(7)02 7 (c) bi:imLXi>m-iXolz. mwsi 
1 tl6MSR2*<«mM8atf*6MJISl 0*^^,:5rS^lil}f 

cmx^mm}icm±-ri:Lt-ifiT^:h. ^^iz. mi 
s(7)'p^Si^mmzm^ix^^6cr>x\ mm&mm9i,z 

(00921 010(a) ( b ) (C^llie^fficO^J^M 

Srs^-r. 010(a) ( b ) (i, 01 ( a ) iznm-th 
Tj50r*&. ^^mcii. ^iwmfSi<mw&8tm 
Bmi o(omMmimi<r)mmmkm^j:^x^^^, ^ 
mmmmij\^mmiii, 04 (b) (c) mmiz 
nmumzaixa^-coistcmA^tix^^ico-c, m 

mi&<r>X 0 f,Z>h^ <-m<^s 0 1 0 ( a ) COJ: a (C. ?l 

msk8ttmskio<m'sm^xv7^rmzLXiyi. 

01 0 (b) co<t3lc«llattlcLTtJ:^>L. fli! 

<mM(^M%ms<nmBm)^x''^h^j:\^. 

[00 9 3] (S2<0lUife»S) 01 Hi, *^B3<7)|g 

2<7)iiisjgffii(c«*>i. ME M sm=Hm^^n^i><n 

X\ (a)(i±ffi0, (b) {± (a) (7)A-A' :^r[6lBf 
mm, (c) Jl (a) C7)B-B* *t«qBlfB0, ( d ) {± 
(a) nc-C #|6iBrH05-^LT(-^S. =3rfc. 01 

t I3i-c7)gi5^)-fc:{iig-^^2:ft UT , ^<mummi 

[0094] ^^JfeJ^BJl. 3S 1 «0|yfiJg«fcitSRL 

btxmhmK mm/&mAtt£h!^tmts:'>x\^h. 
m-ht-mmmx-\i, -simmmi)mw^8<r)^x'm^ 

c>mmhzti,-si^^x:hh. 
[oo95\tft. mmms^z%wxMm/^^iftxn 
Hthrmx^t LT, mwsii 3. 1 4 , 1 st^m 

^m^^tlX^^h. ZZX\ 3«±, A-A' 

mizltmHihX ( mm 2 0 m m<^!Bi/iJtBI L 
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2 0 

T) fgfiE^iiTi^l.. m-hmmMA Sti. ^i«li8<7)S- 

tJO. •yf-«i=^«o|gl<7)$i|ffliA:*)«ffifc=5:-?-r<.^ 

I., ^«BS14Rtf^m^l 5<i:. B-B' iTmz]&.m 

Lx mtii5Mm(7)mmsimLx)mm.$tLX\,^ 
t. w*>. mmi4 . 1 5ii. mm8i)<rizwiti 
«T'S^^Ji^. mw^.s^ittx^miizmmti 

[ 0 0 9 6 ] i :t , mnmaam 1 <^mmmt m t 
10 ±(^sl^tmfcT{c«^/i^fc^<7)2o<7)3cm^. 

$f>{;:. ««li8(c^*Xli?i5ft^^rLTM 
l^tt±^MM}iLxmWl^iiim&^tiX^^t, Z<n 

L^i^(2Ht:}g^$ix-CfcO- m2«0*lffll«ffit5:o-C 

[0097] 0T{i^3^r(->S imJit=. Jf^l^l 

0 0 nmCOliHcOS 1 S^kl^^S i gftlK, XtiT/PS 
-•>-^i!^l:IS*^^>^S^^l 6' *«^B£$tlTi.^2., 
CliOjg^lKie' cOJitO. 0 1-1 O/imcoEHT', 

20 A^e^Jtciil. 5Ain<0JI§A^^>^&S iit^tlM-^S i 

mx(m'hts:hmmi\(>tm^^fix\^h, 

aiSlKl 6' i7)±tC0. 0 1-1 Ojum<7)ieSl-C\ AM 
WtCJll . 5Atm<0^§*>^,^r&T i , T i N, Ti S 

1 . WS i , A 1 -^A 1 C u . C uX{iW*<, 1 
3. 14S.y^l 5i:L-CJg«?fL-Cl-^§. 
[00981 CCIT. *m)8ll4fcS5mBSl5Ji, 

4t^«JSi 5t<7)lSiHi, ^mK8iOB-B' :triai(7) 

30 $f>t, §«^1 3cO# 

«li8£7)^^{JST-^|Sj-ri.ffiS{i, #«IMl4c0iilK 
8<OS^gi5t-«l*I-r&ai»i:. ««K1 5iO^®S8c7) 
^{ia5T*tiai-ri.ffl«fc «W J: •) t < ^ S c: i: *\ 
^«M8i:^«]ll 4SI^1 5£0^tcEPjD:?*l/v:mET' 

[0099] »mK 1 3 1 4 ±<0-SS{2»i^ 

0 0 nmOlEHOS i ggffc^^S i gflsJS, X(i:-?-iX^> 
40 (mmm^t^tt O , *S6<FSrlf $ t t-Cli l O n mt'S. 

ffiiSK6cO±tC»i--tfJ S i K5*im$ilT(.^S. 
JIOjKD S iK5«, B$-10i8cm-9UU:, ASWtC: 
(±3xlO"cm-3gJg3anL7ttcOT*)0. 0. 0 1 

-1 ox<mcogHT\ mkmzf,t\ ij.m<r>n-^x: k- 

A- :^|6l(C3 0Mmcora1Pi$:mTJg^$ix-CV^§. C 
<OSfi{i. 0. 5ium~lmm«oeHr*>n{f iv^. 
[0 1 00] ;K'JS i^5<7)JtWi. ;f$0. 0 0 5~ 

1 OjumC?5iEfflT\ e');C.Kl 0 11111(7)9 $C7)N i Fe*> 

50 1 1 ( b ) COJ: .-K'J S i ffil5<0±at;fRiiaL!t 2 



2 1 

$ f>(C«m^8(i, --K'J S i mSCOlMii'h 1 . 0 

WipSJl. A-A' :^r(6lcOliJ:'3t5®i'^C:i:A\ A-A" 
B - B ' *[6lcOP§*(OttA(z J: -SZiJCTcSSm^rSt 

A-A' -nf^ffimMzxim-^-mi^izimt 

[0101] Sm^ScOiWi, d^'J S i Ml 2tfi0 . 

01—1 0Mm<7)miv, mmmzii i yumow ;^ ta 
■o-^i.. 01 iT-ti, mmt<x<p\txoizwim'^^$ 

1 2cO±m::«i. 1-1 0 0 nmc?)KH<?)S i 

Lr{ilOnmOJ?$rm:?/lTV^&. i<^*giSR2 

CO±Wi, 0. 0 1-1 0^tmc7)|^HT\ ftS6<)(C(± 
1 . 5/im<0Ji$*^^>=S:ST i , Ti N, Ti S i , W 
Si, AlCu. Cu. WX(iAl3!)<, SlltWlfcLT 

[0 102] ^c7)j;3^r«jStct50-C. ^«Mli:«« 
KSfciOSt. fiaixJf 1 1 VJOJi^WESrEPftiL. ^« 
Ml 3c^«E$:^«^8i:^L<-t§C:t(CJ:'>T. « 

nmaiii. ox^m±*t«^/^«®•cs^t^:5. c: 
(Ob ^ , »«M8<i^mM 1 4 sr/^mji 1 5 tssiit 
t5 0 . 1 4 trnvMi 1 5ior^<7)«s5{ij«§/i 

IBE^EnSDL. S1Bll<7)«E*^SM8t^L<^l. 

; t (:: J: , mvm 1 3 3«M8 1 <^mzm.%i,z 
xi^iiiiim^, rnvmam. OMmTiji,zmA,ti^ 

§«M1 5fc^LTfcO. ll«lill4i:««IKl 5C0 

^izwmmix6. 

[01 03] v:ntcJ:0»«IK8{4, 1. OumTizm 

/.rmmt 1 . o/lm±T1i^/^«MT'S^fc^o . m 

itfzmm, Sims tm^met ^-^h^tim 
m\i. »SK8<7)mAco:*c$ ^arizm^-ti'jmi^h 

[0 104] mz^ 01 2*^f>iai 7$:fflv^-c. 
jmcomm.mi:mm^, mi 2A-<biii t^t-o 

( a ) {±0 1 1 ( a ) tnjSi-ti'Mmxm-mmx'h 

0, HI 2*>^>01 7iT'<0 (b) (c){4011 

( b ) ( c ) tntmmTn.mmmx'ht, 

[0 1051 i-r, s im. (mr^^-f) w^i 

- 1 0 0 n mCOKH<?)S i e^tffi^S i g-ftJR. Xi±T 
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2 2 

vomzx nmm-i>. ^<r>m. tmmiettx. 
mm 6' o±tco. 01-10 At mcTjKHX'. ftsw 

{={41. 5 j«mi7)J|[$*><b^:5 S i K-ftiM^S i MfUS 

mm-h. d^\.^x\ v'jxh^-kmizm^Ltzmz^} 
Vi^yy '<^'i7\.\ M:^ttX'yf-y/icj:-5T^Mi 
6 $-«ssM 1 6 ' i^a-rsit-jR oi^^ , «®s 1 3 . 

14.15 JfMtl.JtS^<7)«S:f^fig-ri., 
[0 106] tk^^X'. Ti. TiN. TiSi. WS 
i . W. C uX<4A 1 . A 1 S i tf^(>m&$fltz^mM 
10 ^^Ml 6«7);f:^ J:i9iW<«l«L, CMPXi4x-y 

S.»«Ml3. 14. 1 5t^l.^ilJi?:tfe«-ri.^ 

TiN-S>Ti. Ta. TaNXI4-?-«0««MSr 1-7 0 
nmltaL, -eeomCAl-S'Cu. W. Al Si. Al 
CuSi^SrifSrJfffllLrtiV^ ZtllzX*) . 01 2 

(a) (b) (c ) <7)«i^iffM^fL5, 

[ 0 1 0 7 ] iKv^-c, Si K^i:ii^s i m^tm^m^ i 

- 1 0 0 n m<OKH, 1 0 nm<OJS$C V 

[0 1 08] <jCl->T, MUi7^)l-yTXS iiO. 0 

1 - 1 0 m^7)iEH-c\ mmmzii i x/ moif § t-Jts 

■rs. ^«Ofc|i, r^/W^rJ^S ico^mMJin, pCD 
a-hhX-tJ^^^iiK ^(r)^V!immil 0'7cm-3OT 
i;;5rl.i3l::^oTV^S<l:9{cL. f^Rtf 1 O'Scm-^ 

aiBEl 0~2 0 00eVT10i<-l Oi7cm-M:t 
ymXLX. 5tf^lScO;KDyigKSrl 0»«~10»c 
30 m-3i7)eH, ftSWWil O^0cm-^]:Xtb^J:tXd(,Z 

[0109] Z(Ob^, 5' ffiW^ffi^^tiym&iil 0 

^Tcm-3&.Tb^hXoizi-&, Zixli. 5b5' com 
mX't:aya)mMii^:k^ (,%:^*>x ■y^y?'<omm'&i 
\^±.^-^?}t:ibt,zmtU''*^^X'hi>. ZZX\ 5' <7) 

mmi. mvm.'^iz^mm&i'tf^ifvTimmb^j: 

oTfco. mzm^-ti^'^mmm immm) sbmm 

(mmm) 13. 14. 15bcommb^j:&^mb^j:^ 

j:3cL. 5i,ziimmmmm-tf.iif>, 5m 
40 5' <rmmi.'mssk(>i>ztx'mLxy.^i>3ioi,zm^-f 



[0 1101 tfz. 013 (b) (CfcttSA-A- 
«05<O^^OraPi{4. 0. 5Aim— lmm<oefflT*)tl 
{i'i:<, Mi.{f SOxtmcO^PiS-SffCffM^itf v-> 

{k;<?)it*)<^5 0 0-9 0 OK. 1 01^-3 OO^gKiO 

013(a) (b) (c) (nim.m^^tih. zn 

50 fcCMPSriiJDL-Ct iV^ 



( 

2 3 

[0 111] ;):><^t-- )i$o. 005—1 OMmcTif^ 

T', Bi<l;itflOnm<OJ?$tC^&J:-5(lN iffl^A>'3 0 
-4 5 %<?)IBII. WX-Jf 3 8%(m^<0N i F e-&^ 

«ii<0¥att5-(6J±ts !iaff$:-«C-ri>^J^K« CM 

[0 1 1 21 <^:i''T-, Ui-'^ h5:^a5t::M^Ucf^t'; 

9-=-yy-^h. Z<m,^. H14 (a) (b) (c) 
»®K8c7)Tt:mffil 3. 14. 1 5**Jg«$ixT<.^=5: 

[01 13]<^:»,^T', mz^^')Simi 2t^j:tT^l\^ 
7rXSi$-0. 0 1~1 Oiim(r)giat\ ASWWi: 

tcL, 1 0'6cm-31SlTt^:oTV^Sri:*5MiLl\ 

fft^ '•KnySrSnjaSJEl 0~200 0e V, IQk- 
10»'cin-2>f7!-yiiALT, 1 2iO®lSfiO.-Kn>'ig)g 
^1 0'8~1 02' cmOKH. 0'»cm-3 

[01 14] CKOt^. 1 2' c^«<o--}fDyigiS{ll 
0'7cm-3«Tt=5rl.i5tc-ri.. ciiti. I2tl 
2 • co^iST-^a y (7)jfU^*<:^f! v ^:Sr*^x f - y 

-e. 1 2' ffymM. 5' gfc-CS«4' 

2atxi2' nmmt. 5^5' <r>m&t-^mLx^^ 
[0 115] tfz. 015 (b) iiza^hA-A- mm 

Simi 2tfOS[i{±0 . Sum- 1 mmcOiiHt 
*WfJ:<, ^JtJf3 0//mc7)|SigSrra{fcm$ii-C 

<±ai;Lv^. .lixtiO, HI 5 (a) (b) (c)co 
•r&'iS<i^<, rt;W7T;^Si«7)tt®T*->Tt>J: 
[0116] d:^^x\ s i KftK^s i mim. 

T/k 5 :hBHbll*»^.^rSI6*8IR 2«:i$§l~100nm 
<OKffl-C, AMe*)(=»±10nin(;0)i$fikffiJ6flH-|>. 
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[0 117] JXv^f, 0. 0 1-1 O/^mCOKHT-, ft 
tti-yf-y/tCi^T^^Kl 6" ^m»K2lC^-r^ 

iT-Koi^^ , mum 1 $-m-rs^i^«o?s^f^«i- 

l>. ?^>{C, T i . T i N. T i S i . WS i . W. C 

uxliA 1 , A 1 s i i}'(>m^^ixfzm.^mi. 

10 ^{cJ; , HufSjUtc^l^ 1 ^iiy>ji;^jgKf& , 
w^mUl tLXli, m-fflStcOllT'{i;=5r< > ^<*JT^ 
:?/l't^:STi N^T i , Ta, TaNX{i-e<7)«Jii^ 
£ l~7 0nmJtaUT, -f^O^tCA I . ^Cu. W. 
AlSi. Al CuS i:5ri:SrltSLTtJ:v^, 
[0 1181 ffi^JSie" Al^«5MSIS2^A:$' 

016(a) iZTTstX OiZ. 12' CO^JStca^L^cM 

mzmn-ttnix\>\ zc^mn&m^:^^ -/"f-f^^ws 

20 i:^S3l«K8*^f>Sf-t::i:A^ f^-^xAco^^^v-y 
^iStcJ: S:?'^ hi}< 1 2 ■ ay 5 • c7)^lS<cje«$fl 

CliitcJrO, 01 6 (a) (b) (c)«OflUi*qB 

[01 191 »:i^-C\ CF4 t02 t:m.^Ltz/fxry 

xrrizx*). 12' mf5' <^mmmm<. z(ot 
t:uy^mms.i,zmauzm^. mi2t5(om 

l^<±X yf-y^^30KAi 12' fc 5 • co^l^J: 0 mmz 

m<^j:&t:ib. i2t5(ommi:m.mizm-rzti/'x 

30 ^ , 0 1 1 (7) i 3 ^g#:ieil)i*Cai62:S il^t't' 

SM«^)^«-ri.c:t*«-cii|.. JiittiO, 017 

(a) (b) (c) c7)|fJtAim$*l5. 
[ 0 1 2 0 1 ? ^,tc. it^^gWfX^^i^fcJ: 0 . 
^1J114, 1 5±{CJ^«?ft7t^^6$rX-yf->-^^ 

[01211 3^rf^)«aT-«i, ^mmmi:^£tm 
U7t46, -^x-y hJi-/i-y-/(o^mr)mmi.z. mmm 

40 8i:^K2, Xf±^€IK8t^»li6fcA?fl-«LTSI 

hx-yf-y/cTjx-yf-vyhJ: 0 i,iIAUfe^1*i^lX 

O^^-^-ti'^x yf-y/Ig^rcOT, rn-t:;<>*^^?§Jft 
t>'>^<-t?.CiA^'-C'^S. C<7)J:p(cfC. 01 1<0 

[01221 *^SJBt'«, 1 LXa^-m 

^. C t A^X'^ . S(i:fj'^mmmrai:Xiih-:>^ izj: 
50 IrfBJBMkl-SCtA^t'^S. S^>{=^S«5«H|-CJi. T 



25 

^nmstsiMi 3tc7)fgi!g(i, mnmstrnm 
/)^$ < ^6 . mmm t mmm i s t cotascomens- 

2oi7)«tgtto^t?«^:^(i (v/d) 2 t:lj:t 
#«!lll4At^1Ilil 5{:^«|g8j:<0Egil{i:. 

mmm 1 3 t^s^s toggsii o t±# t^/ci^, 

Ml3*cjDi.5mEJ:')ti^v>^Sr, mwmi4RX/ 

't'rmmmtch .018 tiit^T . ( a ) (i±aia 

(b) {i (a) tfOA-A." :^|fi]Br®iaSr, (OJi 
(a) «B-B* :^[6lBrfflia5r. (d)(i(a)«OC- 

[01251 i^'m-cM, %2<rmsmtm.L 

tOf^ipOt. Sig?fl:K-C'-^;c^>*l&je»)82 5. 2 2 

2 ^nmc LT i. , »«K8 1 ±T<7)«fii 1 X« 
[0 1 26] iJct. 019*>^>02 1Srffl^^■C, 

( a ) mi. HI 8 ( a ) \.znm^wm-wmmx: 
(b) (c)«. iai8(b) (c)t*rjE-r-5 

tfoiitejeffitra— esis*^, IK2 5. 22mi^-fimsL 

[0 1 27] T3PiBiSUi-C'J)«.^l:^l 3. 14. 15 
^m-rSiXii, 1112 (a) (b) (c)iT-i:l§l 
tSgitlSTAI. , (Xl. S i Sfl^K^rW? 1-10 
0 n mcOKH. *SWtC<i 1 0 n m«Ol?$ C V D^Tttl 

K-rLTl^^l^S iMt^SrO. Ol-lO^mOli 
HT, ftM«lC<±l;um<OJ*$r. APCVD, LPC 
VDX«i:HDP-CVDffitc:J:oT«l«L. ^)K25 

[0 1 281 iJ:»-^-C'. W'i'';^ Mr^fficr^Uviftfc'; 
vyyyii:'{i\^. M*1tXy^v^^(cJ:-5-C«£MilS2 
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2 6 

s^mmbt.zm-^txMm^mm2 5- ^ffM 

■tS/iJ^c7)jJ|$rf^^-ri>. fOf*. PSGXJiBPSG 
i)>m^ttttcmm2 5- S:. «»JS2 5«^Jf?J:0 
^<«I8IL. CMPXliXy^A'v^'CioT. BolB?! 

19(a) (b) (c)<rim^m^^tih.*j:ii.m 

19{Ct>l^T. ^{iffiS)S2 5t2 5- tW^-Sf^^ 

[01291 ;J:i^T\ tt'lSmSt^&^mMS^rJBl^t 
10 C:<?)}gfiKa{i, Ni Fe$rfflv^«:S2<?)^e!8J^ll 

1 3 *»^>EI 1 4 ^ T'tfDlKBHt nms:<r)x-'-mth . 

S:. 0. 0 l~10/im<pKHT\ AS^fcHilx/inc^ 

W^-e, 0<|;c(fAPCVD, LPCVDX(iHDP-C 

vDmiz^-ox^mimL, mm22i:mm^. 
[0130] iji:»r%T, vi^x V i-m^m^ Ltimzu 

2^, saiis. ^»K2 5X(iieMii^2 5' tca-ri. 

IS2 2' $rie»IK2 2c^i»$J:0^<«l«L. CMPX 

{ixyi-/^-,9\,zi,'>x. mmt,zmm^mm.^m 

mh. ^LX. WitfS iM^I:lg*»*.=5r&«SR2Sr 
$ 1 1 0 0 n mcolEHT-, 0|;t<fASWCa2 0 n 

m<nm^x'±mm.-th. 

[0131 1 ijJ^i^T, 0. 01-1 OjunKOKHf. * 
^fclS*>^>^«.^^l 6" ^^ffilt«fl.. ^'^IC. U 
30 ttx./f-y:/(CJ;oTte^^l6" $-ie«K2tCS-rS 
$4>tc, ffiRlfT i . Ti N. T i S i , WS i . 

w. cuxwA 1 . A 1 s iij^m&^ti^mmi^mi 
mmi6" (r>m-^x*)f^<tmL. cMPxwx/f- 

;<^/l^i:=5r'I.T i N^Ti . Ta. T a NX<i-!-«OS^ 
KS:l-7 0nmttaL-C. -eo'^C. Al . ^Cu. 
W, Al S i , Al CuS l^SrifSrtfiaLTtJrV^. 

40 [0132] <x^^x\ mmm 1 6 " mimm 2 

- - y^- Udkx. •/ ^ yi/T-K •) im^ 2 2' 

-rsiac^p^-?,. ^co^pcigti. 02 0 (a) 

inside, •y^a^)-t^«2 2' tA^'il^tJt 

sr>ch*>'2 2' Rt;-2 5' ^mmzm^^tifz^mtz 

tCctO. 1120 (a) (b) ( c )<7)mmi)m&^tl 
5. 

50 [ 0 1 3 3 1 . S«-e!?6« ttim^ -0 B!^Xtc 
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27 

z(ot^. m.Aa^r,m/fx(r>m&io. i-o. 5 

%«:«jgK<oeffli: L. H2 OigSSr 1 0 p p 

RX/2 5' S?5^<o P s G^^cox y^y yim^m\,zn 
2 5m-i^cocvDmkitwm^im-t::ti)<x'^ , 02 

■riZti}''X'^h. Zill,zi<0. m2l (a) (b) 

[01 341 CF4 t02 §<b{CN2 2:JP;t!t 

xrxr7X-7{c J: 0 , §1:^ 14.1 5±{cffM$il7t 

[0135] :i<r>Xd^j:f^i&mxU. 'P^ms^m^ 

;yx?rffli»^X y^>'^^XS^<7)-c. ro-feX^cT)??^ 

[0 13 6] i^^mmx\ mm2 2 - Rlf2 5 ' $:P 
SG-C'»i=3r<. Wi{fHSQ-CK^mi-rt>^<. SIR 
x-/f-y^^{ififi5*tl., $^>(=, feMaS2 2' &t^2 

5- €-c(ca#mt, m2imm^m&-titmm. m 

\>\ zzx\ 2 2' Rxf25' <os^izmmi:imt?> 
isti, 3 0 0-4 5ox:t'02 wmmx-am^-ri 
ztizji-^xcoz tLxt^m^-^^mmtra-tx 

tS.^mitHiJ:\>K $^>C. ^K2 2' Slf2 5' 
C 1 4 :ffX-r^X-7i:m\'-^XA 1 <o;*jSlRx-yf-y^^L 

[ 0 1 3 7 ] 02 2\z>i?^mm<rymm2 

i-. :^^mm2Ti±. m2(ommmio^mnzM 
mmm8iz^iz'^Q.m-z.i>^mmLx\>^h, 
02 2 ( a ) 1 8 ( d ) (,zftm-tmmi:^tt:m 

T', S2 2 (b) (iTSmSl 3, 14. 15. I7cr, 

^m/^^-yiw^itzm. 022 ( c ) (±4'^«g8a 

0^8' WffiA'^'-y^r^L/::!!. 02 2 (d)Ji±a 
mfli 1 at/ 1 80^®>N*:J'- y S:^ L^^IITAS . 
[0138] :feil!l<7)^|jt2 1 1, 3 t^-iStC^ 

^^ix^tTSsmffii 7. ximm tm-mizm^^ti 

t±l35«ffil8*»^>^:0, Jlitf>«ffil 7X^il8c0f: 
*>^>*^^~. +s«S8*^JlX^iTc«^•r«L/c«liSt 
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28 

^ -9 T . zzx\ ^m(r><p?iWMizm S *P5«ffi 
8c^:RSH. *ramS8*mT'mffil7i:mffil8(c 
tSM-r ^iJt+ii-ft < - 1^ 2 £7)^m^.t'<0*(a««g 8 
<7)+2fSl^(7)ft$, ^Jitt'30/zini:t)i*i'^i:-r'5., 
[0139] ^iOj: o izm^ttLii, +ia«®8{i, m 

figi 7Xttm«6i 8{cjg«-^-r^;t*^. mffii 7tmffi 
mnmai^ubmnmi 3±izm&uj:<xi>. mM 

1 7X{ia*ail 8$:jifC«&Sr4-i.5::i:j&''-C-# 



[0 140] ^mcr>m^2 1 b^m(r)m^2 3a) 

mm.mim2<mmmmx'iFitzwmi.mx\ ±g?« 

ffi&irFgi5«^W ^9~yi^tt i-S^X'm^\,zB}^ 
^fl, lStiJDt^rV\ $^>{c, 4'^S8iSr^l3± 
fclil 3tSS*iM=5r§li2 5±iOM:&{cmi-St«* 

ig8i&jej3t-r-&fif<oTfl!5&iis-jnix.&c:fc 

aiS^«-^x-y |6]±$-ti:l. c: t 

ioT. J:0fitt0i:IS8«O>"5^'-ylrJB^-t5::fc3&«T 
20 )g|80S^{cJ:I.JE:'i^^<^i^S^SIia5-C)i8co 

[0 1 4 1 ] x-Y yf-y^^mE&TlfEIWiijem 

^m^^htz)^. mnmsmmitLtz^-^x-i.. m 

^^^^<-t?>ztizif). tm'mizm-isj&w.m 

trrumm(om^im<mimmmAim^\ mm 
mTjmtfzmmx *) i>+^imsi<omm i s . 
30 i7^EMimbLxm\'^^zbx\ x^ yi-yymm^ 
/h$<»o^t*«T-i=s. z<^'P^w&mmimf 
If. m(oimim2<r)mmm<ots-<^^mbm-^j: 
(^x-m-fh, tfz. '^mmmmrma. igiw^ 
mm<m 5 ij^^me t x'<7)mm&i:m^^tasx ^\ 
[0 142] znxo^j:mmi:bizbizx'o. m.mm 
lAsam^mi 5<7imKi. m^s^mEbm-^z 
m.Mi-^zbtK-^1. ^zx\ mM^i4m/i 5i 

IS8 • bms fc(Oia<^S*«ft^. K 1 4^W 1 5 tHJ! 

40 8b(r>9x3XV-^i:':&}f^^hZbifX'^h. 
[ 0 1 4 3 ] $ ^.11. *S8g«»J 2 X'\i^^mm^W&b 
02 3(a) (b) (c)tC^. 02 3 
(a) {i022 (a) t2MjS-t^itffi5:S^L^>:0T\ 0 
2 3(b) {4TSP«ffi 13. 14. 15, 14' . 1 
5' , 11 <rymj^9-y^ir^Ltzm, 02 2 (c) Ji 
+ra«ffi8Ri;^8' Rtf^Kl OiO^ffi/'^^'-VSr^ 

Lfzmx'hh, 

[0 144] zzx'.. m'^iAmmms^i m 
50 ifLxnsm'.zim.^ixh. $a>c, ««jfii4' ai/ 
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WSkl4' Rt/l 5' tWSkl 4m/l 5tii. ^tl^ 
[0 14 5] ^IX. 02 3 (a) iOj:o^:fllfig$-BX^ 

\.^xmm<o\3\mm&Lfzi$'^x •) L-^^&^-th z t 

[0 146] {m3(^mmm)m2 4i,i.^wRcom 
3<7)mtmBmmi:^^tmx't>i>. ^mmma. 

s imim±.^mmtxMEMsmi:m^Lfimi 

^LTV^I.. 02 4 (a) (i018 (d) (wMJ6-tl.Br 

m^^uzmx\ 024 (b) (i»it)a (±aj«ffi) 1 

8, 1. 24. 2 6' co^m^-<^-y'S:^Lfdm. 02 
4 ( c ) «+H«ffi8atX8 ' cO^ffiv'N'^'-ySrjrLj^^: 

0. 024 (d) (TSBtlffi) 17. 13. 1 
4, 2 6(r)W-W^i^-y^^LtzmX'3f>h, =5rii. 01 

[01471 024CfcV^-C. «^^1 6' XO±mz 

1. {f nSM I SFETXtiPSM I S F ETA^J^^Sit 
TtrM,. Si^±{C}efiK$fl.^cpM'>x;l'3 0&l/n 

-f^lK28J:jt-LT. BXtiP. As^P^^^mSO 
LJt:4^U S i *^(5>5:Sy- hm«S2 7*«}g^$ix-CV% 

[0 14 8] nSMI SFETlCOI,->Tli. 

<r>mml,z^i. pS-^x/us o t j£<o§mtt$-*-r-i. v- 

pSMI SFETtCOIr-i-Cli, ^-b 
^(OmmiZli, nM-^x/USO' fca^iOSmJrifrt 
&y-X- HU>fyJg29' jS^.-lfoyXttBFj 

3 2A*}gBS.$itTV'>&, ?^>{C, pSn^xyUSOiinS 

^mm&ms imtsi^tix^^^. 

[0 1 4 9] 024tCfcOT. SiS^tC. WitfnS 
M I SFET-«?>pSIVI I SFETC7)(51?gjC«®LT, ¥ 
««!lilSSc^iEi8Ji t M E M SlalJ8cO^«l$:*ffl UTig 

&-C*SO-C«ie-rs*<. MEMS|il»<OS!jS*i£(i. 
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30 

^miM'pizNiE M s ^m^-thm2ff)mimm.(7)imi 
im^tmx^'K m2(Dmmm(r)MEMsx''i^^ff) 

E M sii^^mti^mLtmmmiit LXBfS.^iix^^x t 
x^'^x'. ^(^m^fHt^^mmmz. ■i.^ai<^)^t^* 

[0 150] Z(Oi:o^j:m^{:t&ZtlzX0. 

./^^ 1 -^<r>mi^m^zmm/mm{tx-tt. 

2ts|lt©g.®T-<infiM I SFETJ?>pSMI SFETcT) 

[0151] Mz. mm. 1 6 • ±{cjgB&sn/cMEM 

0. 5l«li8{i, ^tL^K'm^^\^XmL^ti.. ME 

[0 1 52] 024 (a) tfflltfck>t:. 'f'S^S' 
20 <i: . TSSffi 1 7 X{i±gB«ffi 1 8 i: *. *Hc , 

+ram®8' *s^T«ffil7i:«fli 
1 8tcS!l!!l!-r&^'tt+#:S< , ^2<0|?S©gST'iO+ra 
«®8' cO+S^^tfO^R?. ^J;(.if3 0/imJ;')i>-Hi- 

xuTummmmi3t'¥mvm8' i:<7)mzms. 

30 mx-(7)'i>m^m^±. xiiTiz^ti^tmtiti,tz)f> 
commmmx'f)t. 

[0 153] 024 (a) tffltzteV^T, I^BI 

l;«68{4. TS5«fli2 6X{4±gS«S2 6' Oi:'^.^>*» 

6fc®ffi2 6' fc^«[-r5Jt'(t+^:R< , ll2<0|ISfeJg 
ffii-C-OftiSmei8iO*SIS«£i:0:RS, WIx.{f3 O/tm J: 
0 t+iJ-ft^-^i: /I CT'. mm26tmm26' (C 
R1tCiSr4i.h.{f, 1gS8<?)mfi[<41iffi2 6<^18fifc^ 
40 L <=Sr-5> . fifoT , T3Bmffi2 6 XlilMMm 2 6' iz 
EiSl^.Sc:tCJ:-7T. +S»SK8comffi^-§-x.SJ: 

[0 154 1 024CCijl^T. 4'fiia5tO*^« 

ist-, mmm8ii.mi(ommmmtnt<±.izi^fcik 

.^Si:T^^«^^^i^i'S^02ocoSS^fc«*#tS. 
8t^«K8' t\ SiK^b)^*>f>^l.f6»W10Srtt 

8 • mm^m'msmtAtm^m i o (cj: o-cfg^wt; 
»mtix\i^i>. m'm8izfiiMximmitLxn\in 
50 -tsTismffifcL-c. 3imffii4*<m?*i-cv*s. « 
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[01 55] ElJ^p, |l2 4C0MEMSX'f -y^ti, ^« 
Sl8i:^mM24. X(lSm)18i:zS«)1145:Z##i 

[0 1 56] ^>I-?:Mg26. 17. 132it>'14{±. 

tC, IK18. 26' . 2 4&lA'm, ±g?«StUT!i 

m^itmm^^tiXK^i. Xr>x. me' «'^.± 
E M smiommrMum 2 <msmmmBm 1 -e 

[0 1 57] 4>^m«g8^iii 3±t, m 3 

i.ci:*»'T-#, mamma' <7)^izx^i^m±<^ 
[0 15 8] ^-t, vi->i:^mmTm^mmL 

mvmaTB^Ltiwmmx'o^+^mmm 

nM26. 26' EHflt LTffllM.ifc-t\ X>( 
■yi-yf^Mmi:'}^^<U-ozti)^x-^i. C:c7)*S«ffi 

mmmmi. m<^mmiim2mmmm-'<7m 

mmbm-^j:cr)x-W!&^i. tti. 'pmmmmm 
<i. mi<omsmm(m5i)^e>metx(m&^im\'^ 

[0 159] C^6J:^^^J|i&$^^|,;^:tJ;0, 

14. mvma. &tx^«M2 4(7)mE$r. mtmrnx- 
hmwmi. ^miii 3. mmwms- comfftjdj 

K8. mm''m2 4i'9^mi,zmmmm-(>-^mi'h 
zti}<x^. ma' tmat<r)m<o'S±^&i:X'^m' 
■^^.mmmmmmmi. 13, s* t,mi4^m2 
4bmat(r>^axh~^t:m^^^. m^ffymim 

[ 0 1 6 0 ] i/c. S3«0llife}^ffi-C'{i. +^X>( y 
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1 *<A - A • mmx-iL^mw^zB&^tix 

<r>mHi^ (10) *>4>:i>ttTfcS, ioT, «iJOTfi6l 
3St/»Jffl!aS 1 S- A - A • Btffit-4'raaffi04"C-twJt 

[ 0 1 6 1 ] 02 5(c, imm>m!r>zjm^^ -yf- 
^'mx.fmwmiTkt. 025 (a) 024 

«^ 1 b%m\ 7 fcoEpjnmEE. ai/$iJffliA:»jffl^ 1 3 

bWiklKrmmmzi.'iX . m«i26*5^24X 

1 4 ^zwm^z^m^fy-h . 

[0 16 2] CJIT, 02 5 (b) {C. ^;?.^.yf-y/ 
fg^<OJCffl0lli:LT, 4'?«0EtS533. 34. 35. 3 

■t. t¥*cOh7yi^'X^5r^^ -yf-y^^^-^rfflV^/tlEl 
SST'Ji. 02 5 (b) (C^fi^tC, E^tC6-p<7)h 
5>'>'';?i:J'Ql, Q2. Q3. Q4, Q5, QibfN^ 
btth, tfz. Ql~Q6coy-hSjEO(STtJ:-^ 
T, y^m^li^htl^. ttz. Ql~Q6£0y- 
h?J}tmk33. 34. 35. 3 6<omfitCj:r)-C« 
^A-^r;^J!j^'^t, Sm<^mmzJ:'yXhyyi^x 

ti,zii. $^^izfK^^y-hmt:<i^mfr^. 
[0 163] 02 5 (c) 025 {a)<OX^ y^ 

3i^$-fflv^7t024 (b) tmm<r)2'0ff)E.^m±i:m 

^•r&lHlK&.^-r, 02 5 ( c ) T'«i. 02 5 ( a ) to 

I.. *3?See®<0-«i!JRX^ -yf-^fflV^iHf, 3Otf0 

X-f-y^Sl. S2. S3$:ffl».->l>fi(tt:-2Oi0iElil|sI 

40 m3<7)mmmm<r)x^ ■y^immx-n<omE.?:±x. m 
x.iiovtmm.Q.k Lx i,mi<r>x^ -y^m^^mL 

{fmjISSrO F F Lt 1 7*0^7 V7";l/ROM^tM^ 
;^^'J. ffimiSli^* ';Mim.Ci:'5r<, ;^'f yf- 

[0 16 4] ttz. mmXiibX-i -/i-ff)tii^tiy. % 
^tcm^W(;ii-Sf$itT*3 0, W^(r,%mzi.'>X. x 

-f -y 'i-<mmm^mcfh zt^j:<^^ L/>:ieiSffitt 

50 ISjEKi. iU8«^^S-cmtSCi:A«T'§5^v:»^>- * 
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3 3 

m^criM I s F E r(7)mi.mt&tfii O O^o 

[0 16 5] zzx\ m3<7immfsx\ mems;^-^ 
i>mmt/^&< ^ffi 8 ' t umm. i 

3i:0^1:fc#x.^./lS. CCIT, 02 4 (a) 

S: L fc -e<55«*»/b L 1 c7)^$ ^ T-^SM 1 3 

Sem, hx {cos (2«ry/'L) +1 } /2X'j£lH 
•C#S«T\ Si«K8' i:Ta5SiJ»«ffil3*TO^ 
$$^ei:UTCl~eLtan (arLl/'L)/(^ 
h) t^rS. 

[0166] mt^t^'mwizm^x , x>f -y 

l:ffi5-L 1 =L/3t L, L = 30Atm, h = l//m, 

%m:\ii3:M'sm,mmzm L^^t-thtci-o. 15 

f F/Atrnt^r*. i*lti, S imnSMOSFETT 

y-M!lfeJS3nm. y-b:gO. 1 mC7)^c7)MO 
SFETcoy-h^fil. 2 f F/AtmtifclSfC, |5l 
^ }g«L/cJ^^W±, 1 3 %KlTft5 C: 

[0 167] zKi^znt. s^.mihtz'OffiYu^ym. 

W-^tilOnmffht^ N i FeC7)gSt${i8 0/z 
ftcmOTX-*l.*»^>. 02 4cO«jtT{i, R-/oL/ 
t-SOQxtmgjrca^S. CitCWL, Si^MOS 
FETt'y'-NK{tJ13nm, y*-h:R0. l;wmOJ* 

yH£l5i«i*ffi(i*/c0 2kfi/iml.:Uifc^:S. ioT. 

HL-^y^iiMOSFETCJtStT, Pltfli(7)«^ 

[0 1 68] z.LX\ X:h^MS.r/\fu^yayyi'f 
imz^b^<ti>ztifiX'^?>. 

[0 169] i,*>^^, 09 (a) COTox = 10n 
m, WiXbUX=0. 0 5GPa(^|^*>f>, L=30 

/Ltm<^x>f -yf-y^^mEiio. 5viaT-cs>o, mism 

Eliiti*>'l V<7)M0SFETi:|iiai{C. miKmElVf 

mi¥^-\tt>ztti<x-th. 

[0 170] tr.:. *MEMS^^COX-< y^jgBi^CO 
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(0 1 7 1 ] 112 6 ( d) (C, *MEMSX-f -y^tf^ 
3<7)||S|)i^SITlftBSU3tMEMSX'f -y^Sr^LtV^ 

t«^$fL/iaj:>7mffi2 6{i, mEy-K3 8i:«^$ 
10 ixX^^h. ttz, S4Ot0r-:^<7)ai:^mgl 4fi:. fiai 

nmm^iix\'^^. z<7)iiiij^m4ii. vddj:o 
i&\>^mE. mtiiovi,zmt^tix\,^x tJi^'K 

[0172] W3Ey- Y 3 8ii. mH£Q 7 . QaX'M 

iS^il-SW 3 9C0NAND, 4 0<??NOR 

^ri:(^iaai51?8(0€ii«^i:««'u$fx-CV»^. Q7. Q 
8, NAND39, NOR40(i, mti£^<^Jtt-7T 

[0173] S 4<7)SJfflIA:^C04'ram*6 1 8Jiac 

tive&t^standby 2:StR-r5A:»J{C«^$il, 
20 Iti. ^i.{fVDD2t^^mE^W1-.5.m^y-Kfc 
iS^^ilT^^S. CIClf. VDD2<i, mJfnMOS 
WN'-rJ'cO "h i gh" UKyWiOJ: 3(C. VDDi') 
ffil- ^mZX- R < , V D D jteJigfS ; t *>'T'^ 

I., ifc, iejfflimffil 3ti. Wti^0V(c«8g$ii.Tv» 

[0174] o ^j:m^X'UWi'Pfmm 1 8£0SE 
(±. OVi:VDD2<7)2ii$-i:0. VDD2<7)^(imffi 
2 6<±l:«il4i:i^^$it, 0 VcOWf{i«S2 6»imfig 
2 4fcg?^$ftS. ioT. $il«lA:^18<0«EtCj:-5 
30 T. Q7. Q8. 39. 4 OiO«^«iE$:fit$&&lX5iBf 
i^^figt^Os X^'W^'^B§<7)Q7, Q8, 39, 40 

izmih-f:fx 1^ -y >- 3 ;p H y - ^nsi^^^izmsit 

hZt A>T'# , fijB»[Hl88*'l?31t'# I. . «® 1 4 5rM 
JSfcL/iX-^ -yf-li. «li2 6&tX«ffi2 4Sr. llfigl 
4fc®figl 5ttaAS;tW, B2(7)^jeffi(7)Sig 
012T-S^U3tX'f-yf-tIiI»Wt^TJ)^. ioTs 

%2(r)m.yimm(rm&m2X'^^Ltz:^>( -y^iv^T-s^ie 

[0 17 5]fi!*. 02 6 (d) cOSffiOMEMSX'f 

40 •y^S4<7)ft:t>0tC, pl|i.{fmgE3iBrfflMOSFET$ 
fflV^SW. XS;2 (S. Hutoh et al., " 1-V Power 
Supply High-Speed Digital Circuit Technology with 
Multi-Threshold Voltage CMOS " . IEEE J. Solid-Sta 
te Circuits, vol.30, no.8. pp.847-854. Aug. 1995) 
X'AiaX'hh. L*»L> Z(r>1iM.2X'\i, mSSfiBrfflM 
I SFETffAfc:i:«.fijEiiiaJlD5:+^j'iniil,(cJ±, «cg 
iiffifflMOSFETA^ffiSSr. Q7. Q8. 39. 4 

ox'^s^ixhmm,<^mktmtx'±^<-th'i!m 
50 [0176] zti\,zni,^mnx'i,i, 024 ( a > -e* 
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&mmwmiti:mi>:iti>^x'^i, itz. mem sx 
^n&im^xim^ixm:n . ay^rna h n ••/ r 

y9yyxi^'^i>M I SFET{Clt^/h$<-tl.C:i: 
ifiX'^htzib. active/standby A:>]<OSJIS:^ 

[0177] $t>lc:. 026 (f ^MEMSX'f 

mjEEy-Kfc«gg$it, s5coaj:>7mffi<?)t3-*i4 
{±. mmovt^j:h-9&/-\^tw^^ixx\.^h, s 

^.tC. S5<oai:^4'ia«ffi2 6<i, LS Ic7)IMiA-.y K 
^j:miz%ti:^&^^'rmm.%MA2kW^^KX 

[0 178] S5c0SiIffllA:'JO4'^ffil8(±. 
mumVli.^ixX\^h. $^(C, $iJfflI«ffiHi. VDD 
2 fc^rSmEfc 0 V<^2«Sr*-ra«Ey- K4 1 tcSf 

:^|{imE/-K4 HC«^$tLT(.»S. ZZX\ VDD 
2I±, 0«;i(f nMOS-f W<-^'£0 "h i gh" 
cr>Xoiz^ MSVDDJ:0<Sv^mffit't^V^L. VDD 

[0 179] Zff)X^^j:m&X. «Ey-H4 1<0«E 
*<VDD2<^^, «li2 6{i«ffi2 4ttg^$/l. §M 
tta?t4 2{IVDD*<ffi*&$<ll,. 1lEy-H4 
l<0«S*«OViOlBp. «fig2 6«i«ffil4fc«^$il 

fiasJi. 09;tJf02 6 (e) <7)J:9:3:MI SFET^ffl 

V ^f^'f y /N'- f - X y 4 3 ^ (bilT ^ /i . i 7t . 

A:'jy-H4 1 tfimiitri.«E43*«^^l.^, # 
tC4 3cO:firiO«ffiA<^<r^^(C<±. 02 6 (e) T^-T 
J: 0 4 4 A^^^gi ^ o T t -^Jt , 
[0 1 80] L*>L, *llilJB®-C0|12 5, m26com 

mm^^iiii, »mK:hm-ttiiiim-ti)<mmi,z^ 
^iz^m^tixK^i><7>x\ ms3&m^4 4ii^k^j: 

0. mE^m^x''Stmt^h^^ma<7)h^yi^x^ 

t^Si:=2rS. $^>{C. MEMSX'f •yf-cO$lJffllA:>Jt7) 

Kfi^Md. ^m<r)V\y^yay'ir9 ^yxi^hM 

I SFETlCJt'<'h?<-r&::t3!i^'T'2'&?tJ6, ^yM- 
-9^3.^y(r>mf.h<y^j:<X-%. -f WN'-^'SrHiit 

tifX'^h, i>-h^A,. *^%HJ!T'(i, 024 (a) T'^n 
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mzmmirhz}it<x-^i>. 

[0 18 1] ^^.H, 12 6 (g) mEMSX-i 

DC3yA-^(2lS85r^LTt>'5. S6lifS3<ommB 

mX-mmttzMEMSX^ ■y^^^.tX^'^h. S60!±i 
2 4 {i^f-SS V D D t ^^mEy - K t JSM 
S6£7)ai:?7«ffi£Ota-*-14(iOVi:;5r^^ 

10 2 6(1^ y^i?9A 3<r)--n<r>WSmfk^^%ixX\.'^ 

[01821 ^y:r^^'4 5<Oto-:^<OJg?{i 

rtgpmjga!:^y-K4 8fc^'9, 3yTy^f4 6c7)-:6• 
tfOig^tJt^^ix. 3yT>'-t4 6<7)i,^-:fr<o«g^{i 
ovfc^sfl:iiy-Kf:«^$n-ci^5. c:cT\ Ay 
y';9A5\t-iyy9'9imihWsiA-'mzm:>. n 

yT>^4 6Jiffi:ftSE$r-^lcfil':>«!i|;*i*S, z.tx. 

h\t. st^zi.-yxum.uz^mk^^^thm^ 

20 (0 1 83 ] y-KMSliTi-T^-f. 

4 7cOA:'lt=«^SilTV^|,. CICT, Xi-T-fJ 
fflllelffi4 7»i, mm.\<i-\ OMHz<^iBH<o:^J^ 
<0«ES:aJ:^)L, /-H4 80A:^«E*>fi>.^i:i:')T 
A-f--rJt*«ffi<^:0, /-K4 8«0A:»]SE*^v^t 
J: Ot jL-x -f JtA*^< =5rS J: ^ Kznt^xWi'^^^ 
0. oiO. Ti-r-f Jt©JtSlll]SS4 7. MEMSX'f 
•yf-S6, ¥}t^fc;-^y^"^:?4 5, 3yTy9-46(±. 

[0 184] c:nf>»i. y-K4 8<o«E*^'^ffl=t') 

30 tiSTtl-fc, Ti-T^i:tS(lfflIIsll^4 7<7)a3:^]cOTa. 
-■ r'rifc*«IS<^0, J:0^'l-a5VDDS&f2 4t+ra« 
ffi2 6i:*t«^$ilSfflS*«*<5:l.«:to, y-H4 8 
*>±#L, -««Ei:^:i.J;^{iSiieP?a.S.. Z<r»^)V 
xi|B^£0:^^I5i8S(co(r>Tti. K^DC-DCa 
yy^'-^'T'^gttco|51K^■fflv^^^<^ J: I ^(rjXZZ.X\i^ 

cnyys'-rJ'fcJtK-rSi:. mmv "yy 'J x9 lights: 
hxA ;=i'yym=i-t. r'<:t-K$rMEMStJ:-?T 

40 [0185] il?mm^~<nWkX\i.^ S 6*>MEM SX 
-Y -y-f-C'lS^^ix. ?l-gSVDDy-H2 4*>4>l*IgSVD 
DiiJ*/-H48iT\ at^0Vy-H14*»<.rtgSV 
D D £iJ:^I y - K 4 8 ^ f , y^r^-V L^rV \ 
ioT, ft*l¥^£L^>:y>f:t-H<J5)ie:&|6l«EK^T{ci 

r^3^^m:&^«<?-^^M*''^-li^\ MEMS 

DC-DC ^Masssr iBBE-r & ^ t *^'T- § ^ . 
50 [ 0 1 8 6 ] t /c. *«(*S«Lb(c>glSL;^c^«^;=?.^ 
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^<e.{fCMosiH]S8^t\ y-vi-r-yrt^mmt 

t «»■ LT , J: 0 i§?SJS(ciHl»»^-rS >! t *<T-^ h . 
[01 873 ^'i.iC. m^26t24<r>tmt. ^^2 

> <- 9 SrfM-r & - 1 t^X'^ h . 
[01 881 CJIT-, 02 5. 026-C{4KraDC- 

-DC3>^.'<-5', #K^DC-DC3y>'<-:J'T't> 

$:MEMSHJ:o-CS#Jt;tWJJ:V\ 
[ 0 1 8 9 1 =5r*i . *«BH(iJj^L./c#llifiig®(clS^ 
$<t5 i,cOTW^l\ llllfe»!B-C{i. ^<mm®PL^ 

jt S- fc S i: (c i o T ffiJS^ S C: i: 3&»*5rtgt'3!l*!5» J> 

^2m/f^3c^mmmm3x\ mi<r>mmmtn 

mt='t'S«ffi8XW8" 5r, PHX-lfW, Mo, Si^N 
i FeA»^>^:S««Mfc, Mt(fSigS<WSlO*><i,ir 

[0190] mmmm-cii. s i ^m^t uzi^<m 
mwm t Lx . mm^ *) tmmmij^'i^-^ v>n i f e 

i:7f^lfZ:f]K N i Felil^'I^TClR. Mi.JfCo-^C rf)^ 
1 5%Wrt-&^^l.Jtffl^. ^IJ^ttf Super InvartWit 
|,«l«(MnO. 7%. Ni 30-39%. Co5~l 
0%, Cr5-1 0%.'^')Fe) t-i^it^L, Stainl 
ess Invar fcl^ffL.5.fflBS; ( C o 5 0~6 0%. C r 5 
~1 0%^OFe ) T'tit^L, Iso-elastic tofifil 
l>ffl*(Ni36%. Cr7~8%. MoO. 5%m 
Fe) T'tiV^L, Fe-Pd (Pdffl^46%) -g^ 

[01911 m&mmTti, ^mm7i: lts i 

AsS«. I nPa«. i GefifiS«. SiGeC 
i J: 0 t,Sficoar/?I**<:*:§ v^cot-. ^lx.{fK 1 0 1 

IX s i fc?BiB5?5**<(i<2:if Lt^s i m<mi:m^^i>z 
i:i)^x'^. mtix-^mA±mv/'^T aim^^hzt 

[0 1 92] 1gaK22' &t>'25' . XliS14^1 
2- &l^5' STX-yfy^LTJe^L^t+SMlSti. 01 
i.{fAr. He, Ne, Kr. X e ^: i: cWFattX^^-«5' 
N2 /f'x. XiiSFs ^:fc'c7)*';^SraA3E«LTt>J; 
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[0 193] tfz. m2ff)m3<r>mmBmx'^^mi^i 
x-yf-y^^-r&;ti6icie»jKi 6" ^»M2tr,3aL 

m^x/2a±mmi-iznzj:^x. aj6i.ct*<T- 

10 ^|!»<-c:t*»T'i2.. 

( 0 1 94 ] ^/i. mmmm^h \^x\i. 
i^hwrnM^^^. 3 0 k e yns.<r>mm.-y~ii-.)v^- 

rB?^^aAL^KflilSSrmtT<>J:v^t, 

xL*-^thKc^\ ttz, miom<mmtLxii, 

cO^^KS: ffl t ^§ C t i T-^ I. . 
mz, M^k^-^SW. S i J; 0 tSlKSg^A^/hSv^cO 
-C. ^1 0fcLTt)fflv^SC:t*«-e#-5. 
[0195] l^3(7)||]5£J^S,fc LTJi, ^^^)-Sf 3 1 k 
LXhVy^^^ff)m=f-^^^m\.^tzmi:yr^LtztK L 
OCOS^SEffi, U-feXHLOCOS, gSt^LOCOS 

30 a, $^>(;{i;<^f^i-Sl, huy^ji^mmir^m^y ^ 

[01961 mSmmX'li. pSS«7tC nM««{9 $r 

jgeScL^-c*?, mi^nm&^7izpmmm9im&Lxi, 

[0 197] -ewffi, *f6B3^7)gi■$:^iffi^L^r>-^ffiffl 

x\ m^iz^tx^m-ti>cbi)<X'^i>. 

[0198] 

40 smffifc t Tflssg^s ^ii^K^ , m 1 £o^m§5(3^i* 

±(c:il^$*i-Sf*^^e^tl^rm20^lta!t. 

2 <7)a!«*i5 1 m-(^±mmzm&^ixim'm^t nm 
x-m^imti^tx'm^-thztizi*) . x<±««j:o 
i,mmimt/'^b^\'^f^2<mms^x^^-ti>::ti,zj: 
r,x. uEMsm=Fiztn-fi,-smni^m(^^t}im+ 

^^mmmmt</)mn{ti.^^iz^wz-th z t 
50 *i-e#s. 
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(21 ) 
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[ 0 1 9 9 J J: 0 mmzit, *^Bjsoffi3tJrffl>- ^fi 
i/c, S i:^^mmffiIsIK±t't>. MEMSCT)* 

[02 001 ^/c. +iatiffi^«;i:^(6)tc#lT-J>l.^ 
mx'^^izW)i^^iti<7)t,m^^z^^?> . 

[020 1] tfc. ^^i-^LtlMEMS(r)fp^m<^ 

b<om(omi,z'^mz$m-thzti}<x^. n^M.<r>is. 20 
•r, m«<^)^ttoigS:fflv%scfc-c\ 8t«)g 

i 0 i StiiS- S«(c*tft LtiLtztt TUmitA^^^^Z 
5: 0 . 2 ooS^^fc^^ ^0 0 I. ^tf>iz<m^j:MS: 

iizt^ztmmt^j:^. 

[0 2 0 2] tti. m<^mm^comiz. mn£s i^ 

Mi?)Au^C r^ifOifeMJ: 0 t.i«»tt?r. e»Ji.tf4 0 
oriSLh^T-|6)±$-tf--l.c:t*<f#$. ioT, X-f y 30 
^(t'SmtliSrJg^L/ifitC, C!iJt«fr^XvCVDt:-jg 

Ji^^«E^lrt^c^ii6a^t:J^«■f ^ t a^'t-^ , -n^ 

ii, M I SFETiclt^UT, ntYi^-iyoyy99 
yxi'i%ha){Z'j^Wj:X-n^^^'h^ < m-?:: i *«T- 

S<-t'5:;t*<T^l>, 

[HfficTJfSm^rlKBB] 40 
[H 1 ] HI <r)m^mi>Z^l>t MEM S^?-cOfliiS5: 

[02] a^iO*$lttB /ti fc1S^«lSco»jC:>3(c 

[03] S5l05ISfejeSCfc«tSMEMS«^^«^jiI 

im4}mi<^mtmmiztnimEMsm'f-<r>mmj: 
[0 5 ] ig 1 conigjgBtcfctti. MEM sm'^cmmx 

«S:nt-r¥BS0i:iR3D0. 50 
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(06 ] §5 1 cO||il6fl^B(Cfc<tl. M E MSMf-ffimmJ. 

[ d 7 ] 1 commmmizm-rh m e m ss^osssi 
ims] mi<^m^mm^zmhMEMsm=F<rm^ 
[09 ] H 1 i03iisff^®tfc{t-s. t X-f >y 

[01 0] Sl<^SfiJB5l«O^W$:S^^^BB0fcmffi 

0. 

[011 ] m2<7)mmmizi^hmEMsm=f-<r>m^ 

^5^¥ffi0tBrffl0. 

[01 2] ll2<0|li&JB®tI*J{tSMEMS^^C08g^ 

[013] ll2<o|ISfem(::J3{tSMEMS«^col8it 
lS^^-r¥®lli:5rffi0. 

[014] m2(r>mtmmi,zin-rhMEMsm=f-<r>^ 

[01 5] l52<OllS6je®tCfcftSMEMS«^«OS!ji 
IgS:*-r^®0i:fi®0. 

[01 6] B2c7)5ISfeJBSi{ci3{tl.MEMSS^^«OiJ5t 

[017] |g2<7)5IJSje®{C*J{tSMEMS»l^WiSBg 
iSSr^-r^SH t irffl0. 

[0 1 8 ] II 2 eom.mm<o^mt:7rn-^mmtmm 

0. 

[019] 01 8cofiiil<7)gBiXSSr^5-r¥M0i:ffllE 
0. 

[02 0] 01 86r)<5lj6OSJJiISS^^^-fTM0fcra 

0. 

[02 1 ] 01 8£7)^|(7)S?3tlS$:^t¥®0t»i® 
0. 

[ 0 2 2 ] ig 2 <oiiifi3g®<7)m 2 <ossge»i<?)fl!jt i&^^-r 

¥ffi0i:Brffl0. 

[02 3] m2<i^SfcgH<?)IS2iO^0II<OlS^&^-r 
¥E0tBiffi0. 

[ 0 2 4 ] II 3 COHSSJ^SHf^i? |> M E M S *i^c7)^^ 
5:^TE0tllrffi0. 

[02 5] l|3<!0||SfiJgffi<0MEMSf^^^?rfflV^;tlIIK 

W5r^-r0. 

[02 6] m3<^t&i&m<^MEMsm'f-^m^^fc:m^ 

[02 71 taE3lWOMEMS^i=^fl|jtSr^^ffi0tffii 
S0. 

[02 81 MEMSS^^OMEMS#^«0fl!j§i:fr»*> 
[02 9 ] fi!*3g^(cfc{tl.^JS>^K«0J¥$ t S i 

mz^ 1 1 Emmt b m^irT^tm, 
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